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Poultry science is one o£ the newest of the agricultural sciences, although 
poultry keeping has been practiced for centuries. It is of interest to a great 
many people because poultry is produced on more than 85 per cent of all 
farms in the United States and is surpassed only by meat animals and 
dairy products as a source of farm income. 

A great mass of poultry information has been' published in recent years. 
As may be expected in any new science, some of it is based on sound ex- 
perimental data, some is conflicting, and some is purely hypothetical. 

The purpose of this book is to give what appears to be at the present 
time the practical factual information on general poultry production. It 
includes breeding, incubation, brooding, housing, feeding, disease, market- 
ing, and poultry farm management. 

The subject matter has been prepared as a general college poultry course 
and also as a reference book for students of vocational agriculture, for 
poultry men, and for general farmers. 

References, mostly recent ones, have been listed at the end of each chap- 
ter. They are typical of the references used as sources of information in 
the textbook and may be used for additional information. 

A number of review questions are listed at the end of each chapter. It 
is hoped that these questions may stimulate thought and be helpful in 
studying the poultry industry. 

Special credit is due James Hamilton for the preparation of the chapter 
on game bird production. 

The authors greatly appreciate the courtesies extended by various or- 
ganizations and individuals in permitting the use of illustrations and 
tables. Credit has been given in all such cases. 


A. R. Winter 
E. M, Funk 
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Poultry 


SCIENCE AND PRACTICE 




CHAPTER ONE 


The Poultry Industry 


Introduction 

Definition of poultry. The term “poultry” is used to designate those 
species of birds which render man an economic service and reproduce 
freely under his care. It includes chickens, turkeys, ducks, geese, swans, 
guineas, pigeons, peafowl, pheasants, and ostriches, and refers to them 
whether alive or dressed. 

Relation of poultry to other animals. There are about 600,000 species of 
animals in the world, including 10,000 species of birds. They are classified 
according to structure. 

The most highly developed animals (Fig. 1) are mammals, which in- 
clude man and farm animals, and aves or birds. Mammals are dis- 
tinguished by the presence of hair and mammary glands. Birds are dis- 
tinguished by the covering of feathers. 

Poultry science* Poultry science is the study of principles and practices 
involved in the production and marketing of poultry and poultry prod- 
ucts. It includes breeding, incubation, brooding, housing, feeding, disease, 
marketing, and poultry-farm management. 

The study of the great numbers of birds not classed as poultry is orm- 
The science of all animal life is 

Importance OF THE Poultry Industry 

Source of farm income. Probably more persons are directly interested 
in poultry production than in any other single agricultural enterprise. 

■ 3 
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More than 85 per cent o£ all farms in the United States reported poultry in 
1939. 

Poultry ranked third in cash income among agricultural commodities 
in the United States in 1943 (Fig. 2) . 

Source of food supply. Poultry eggs and meat are used chiefly as 
human food. 

Eggs ait exceeded only by milk in food value (Table 1). They are a 
good source of proteins, minerals, and vitamins. Eggs are palatable, eas- 
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Fig. 2. Cash value of agricultural products produced in the United States in 1943 {U. S. D. A. 
Agricultural Statistics, 1944.) 

ily digested, and can be used in a great variety of appetizing ways (Fig. 
3). They serve as binders and leavening agents in baking and furnish 
“richness” in icings, sauces, candies, custards, ice cream, etc. The annual 
per capita consumption of eggs in the United States in 1944 was 351. 

Table 1 


THE NUTRITIVE VALUE OF AN EGG AND A GLASS OF MILK 


Nutrients 

Two-Ounce Egg 

One-Half Pint of Milk 

Fuel value (calories) 

74.00 

169.0 

Fat (grams). 

5.21 

9.8 

Carbohydrate (grams) 


11 88 

Protein (grams) 

6.66 

8.16 

Ash (grams) 

.50 

1.76 

Calcium (grams) 

.03 

.294 

Phosphorus (grams) 

.08 

.228 

Iron (milligrams) 

1.5 

.49 

Vitamin A (International units) 

357 

289 

Thiamin (milligrams). 

.075 

.147 

Vitamin D (International units) 

7.5 

4.9 

Riboflavin (milligrams). 

.137 

.367 











COURTESY OHIO POULTRY CONGRESS COMMISSION 


fig* 3# Some uses of eggs as food, 
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Poultry meat is supplied chiefly by chickens, turkeys, ducks, geese, and 
guinea fowls. The percentage of edible meat obtained from poultry com- 
pares favorably with that obtained from other kinds of livestock (Table 
2) . Poultry meat is probably the most palatable of all the meats and is 


Table 2 


THE PER CENT OF EDIBLE MEAT OBTAINED FROM DIFFERENT 
CLASSES OF LIVESTOCK AS PURCHASED ^ 


Meat Animal 

Dressing Shrinkage | 

Inedible Material 

Edible Material 

Hogs 

20.50 

3.75 

7S.7S 

Poultry 

28.24 

9.52 

62.24 

Cattle 

29.60 

10.30 

60.01 

Sheep 

30.30 

15.90 

53.80 


easily digested. It is served in a great variety of ways such as fried, roasted, 
or stewed, and in combination Vfith other foodstuffs as in salads, sand- 
wiches, sauces, soups, etc. (Fig. 4). The annual per capita consumption 
of poultry meat in the United States in 1944 was about 27 pounds. 

Industrial uses of poultry products. Poultry products are used exten- 
sively in industries (Table 3), 

Eggs are used in the preparation of culture media for the growth of some 
species of bacteria. 

Fertile eggs are used in the preparation of vaccines (Fig. 5). 

Inedible eggs are used in the preparation of animal foods and fertilizers. 

Egg whites are used in the manufacture of pharmaceuticals, paints, var- 
nishes, adhesives, and printer’s ink. They are also used in photography, 
bookbinding, wine clarification, tanning leather, and in textile dyeing. 

Egg yol\s are used in the manufacture of soap, paints, and shampoos. 
They are also used in finishing leather and in bookbinding. 

Egg are used in mineral mixtures and for fertilizers. 

Feathers are used in the making of millinery goods, pillows, cushions, 
mattresses, and dusters. 

Endocrine glands are used in the preparation of biological products; 

Use in research work. Chickens are being used extensively in biolog- 
ical research work because they are cheap and readily available, reproduce 
freely, have a sensitive metabolism, and are good laboratory animals 
(Fig. 6) . Many of the findings made with chickens in the interest of pure 
science may be applied in a practical way for improving poultry produce 
tion. 

^Vernon, 1924. 
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Development of the Poultry Industry 

Early development. The poultry industry was brought to America 
from Europe by the earliest settlers. Small home flocks were started at the 
time of the establishment of the first permanent homes at Jamestown in 


2 u. s. D. A, 




















Fig. 4. Poultry meat may now be purchased by the piece, cooked, and in salads, soups, etc. 


1607. They consisted of a few chickens which were kept to supply the 
home needs for eggs and meat. The Indians bought or stole birds from 
the early settlers, and poultry keeping became common among them dur- 
ing Colonial days. 

As villages and towns were established, the nearby home flocks were in- 
creased in size. The surplus eggs and meat were sold or exchanged for 
groceries in the nearby towns. Grain production and the development of 
transportation facilities encouraged the production of poultry west of the 
Allegheny Mountains in the early part of the nineteenth century. The 
development of refrigeration facilities and artificial methods of incubation 
and brooding were further stimuli for poultry production in the latter part 
of the century. 

Development in recent years. Farms on which the chief source of in- 
come is from poultry began to appear early in the present century. The 
discovery of vitamins and their use in poultry feeding about 1925 revolu- 
tionized the poultry industry. Their use has made it possible to raise birds 
in confinement and at all seasons of the year. Recently, specialized poul- 
try farms have been developed. These include egg, breeding, broiler, pul- 
let rearing, turkey, and duck farms. 

Growth of the poultry industry has been more rapid than the increase 





Fig. 5. Eggs being used for the production of vaccine. 

in population or the production of the larger farm animals (Fig. 7). 
These changes are typical of those that have taken place in older civilized 
countries. As population increases, more cereals and small fruits and 
vegetables are produced and smaller animals, including poultry, replace 
many of the larger farm animals. Egg production per capita has more 
than doubled during the last fifty years in spite of the fact that the popula- 
tion has increased two and one-half times during the same period. 

The Present Poultry Industry 

Distribution. The United States has about 33 per cent of all the poultry 
in the world and only about 6 per cent of the people (Fig. 8) . The coun- 
try may be divided into four regions from the standpoint of poultry pro- 
duction (Fig. 9). 

The north central states have about 48 per cent of the poultry and 30 
per cent of the people. Farm flocks are numerous in this region. 

The northeastern states have about 12 per cent of the poultry and 27 per 
cent of the people. This region provides a good market for nearby poul- 
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Fig. 6. A biological laboratory in which chickens are used for testing feeds. 

try and for the surplus products from the north central states. Many large 
poultry farms are found in this territory. 

The southern states do not produce quite as much poultry as they con- 
sume. Small home flocks are numerous in this region. 

The western states produce about as much poultry as consumed in the 
territory. Some products are shipped eastward from the Pacific Coast 
states. Some dried eggs are imported into the western states from China. 
Many large poultry farms are found in the Pacific Coast states. 

The leading poultry states from the standpoint of the production of 
poultry products are Iowa, Illinois, Ohio, Indiana, and Missouri (Table 4 
and Fig. 10). When compared on the basis of the value of the products 
produced, the leading states are Iowa, Ohio, Pennsylvania, Illinois, and 
New York. 

Imports and exports. The United States uses a little more poultry prod- 
ucts than it produces. 

The chief imports consist of dried and frozen eggs from China. In 
1938, egg products equivalent to between three and four million dozens 
were imported. 

The chief exports of poultry products are in the form of eggs in the 
shell. They are sold mainly in Mexico, Cuba, and South America. In 
1938 the exports amounted to about two million dozens. 


Table 4 

POULTRY PRODUCTS PRODUCED ( 1944 ) ® 


State 

Eggs Produced 

Chickens Raised 

Turkeys 

Commer- 

cial 

Hatchery 


Number 

(Millions) 

Value 

(Millions 

Dollars) 

i 

Number 

(Millions) 

1 

Value ^ 
(Millions 
Dollars) 

Raised 

(Millions)' 

Broilers 

Raised 

(Millions) 

Chicks 

Produced 

(Millions) 

Maine 

39$ 

13.46 

4.40 

5.66 

.04 

1.21 

7.14 

N. H. 

369 

12.51 

3.71 

4.43 

.07 

1.22 

18.24 

Vt. ;| 

181 

5.64 

1.69 

2.24 

.15 

.60 

1.14 

Mass. 

944 I 

33.44 

10.48 

13.58 1 

.22 

3.09 

23.54 

R. 1. 

80 

2.81 

.89 

1.22 

.03 

.18 

3.15 

Conn. 

513 

18.56 

4.74 

5.91 

.14 

9,70 

26.27 

N. Y. 

2,172 

68.32 

21.15 

26.67 

.42 

5.38 

22.63 

N.J. 

1,018 

35.21 

9.89 

11.73 

.19 

2.13 

27.72 

Pa. 

2,786 

83.34 

35.21 

41.32 

1.28 

4.58 

61.25 

Ohio 

2,858 

74.83 

29.98 

33.34 

.97 

3.40 

64.20 

Ind. 

2,041 

51.04 

30.41 

30.58 

.61 

5.06 

90.26 

111. 

2,856 

71.17 

38.94 

39.09 

.82 

7.29 

99.32 

Mich. 

1,697 

44.60 

18.13 

20,50 

.61 

.25 

28.00 

Wis. 

! 2,411 

62.75 

22.65 

20.07 

1 .69 

1.47 

29.10 

Minn. 

3,705 

93.09 

43.78 

37.18 

3.34 


66.11 

Iowa 

4,333 

107.35 

59.61 

59.00 

2.14 


102.92 

Mo. 

3,052 

75.11 

33.44 

28.93 

’ 1.53 

2.20 

102.00 

N. Dak. 

668 

15.38 

12.30 

10.54 

.99 


5.80 

S. Dak. 

1,104 

26.30 

18.04 

16.41 

.46 


17.70 

■Nebr, 

1,982 

47.56 

32.39 

27.29 

1.20 


30.87 

Kans. 

2,221 

54.56 

28.19 

22.24 

.94 

.86 

40.36 

Del.- " 

132 

3.66 

2.46 

2.72 

.10 

54.00 

33.52 

Md. 

453 

12.96 

7.57 

8.15 

.40 

19.00 

46.22 

Va. 

1,062 

28.81 

18.63 

17.98 

.98 

20.94 

35.22 


“ U. S. D. A. Agricultural Statistics, 1945, 




Table 4 

POULTRY PRODUCTS PRODUCED ( 1944 ) (cont’d) 


State 

Eggs Produced 

Chickens Raised 

Turkeys 

Commer- 

cial 

Hatchery 


Number 

(Millions) 

Value 

(Millions 

Dollars) 

Number 

(Millions) 

Value 

(Millions 

Dollars) 

Raised 

(Millions) 

Broilers 

Raised 

(Millions) 

Chicks 

Produced 

(Millions) 

W. Va. 

530 

14.22 

5.15 

5.37 

.25, 

6.25 

4.48 

N. C. 

1,080 

30.08 

23.46 

21.34 

.27 

11.20 

30.63 

s. c. 

385 

11.15 

9.81 

8.94 

.30 

3.00 

5.95 

Ga. 

703 

19.77 

16.35 

14.26 

.16 

24.00 

26.00 

Fla. 

214 

6.82 

3.78 

3.97 

.11 

4.00 

9.13 

Ky. 

1,269 

31.25 

23.02 

19.39 

.26 

1.03 

9.73 

Tenn. 

1,156 

29.07 

16.48 

13.82 

.19 

1.60 

12.22 

Ala. 

730 

19.12 

13.31 

10.04 

.14 


10.07 

Miss. 

664 

16,95 

15.25 

12.85 

.11 

1.97 

6.01 

Ark. 

802 

19.68 

13.06 

10.39 

.13 

11.20 

9.50 

La. 

414 

10.64 

8.59 

9.10 

.06 

1.23 

5.35 

Okla. 

1,668 

41.42 

18.26 

13.31 

.95 

2.20 

24.17 

Tex. 

3,475 

86.77 

40.60 

27.85 

3.76 

8.90 

53.20 

Mont. 

265 

6.37 

4.57 

4.01 

.25 


1.38 

Idaho 

326 

8.42 

4.26 

3.69 

.27 


3.05 

i 

Wyo. 

109 

2.75 

1.70 

1.51 

.16 


.45 

Colo. 

515 

13.29 

1 5.57 

5.23 

.86 


6.66 

N. Mex. 

152 

4.20 

1.37 

1.01 

.05 


1.28 

Ariz. 

72 

2.46 

.72 

.76 

.09 

.47 

1.52 

Utah 

379 

11.18 

2.62 

1.80 

1.74 


2.39 

Nev. 

41 

1.30 

.43 

.36 

.04 


.07 

Wash. 

954 

29.68 

8.38 

7.49 

1.38 

1.17 

13.25 

Ore. 

508 

14.92 

4.18 

4.23 

2,08 

.31 

6.50 

Calif. 

2,427 

75.70 

19.82 

15.85 

4.26 

9.51 

55.22 

U.S. , ' 

57,874 

1,549.89 

749.64 

703.57 

36.39 

231.08 

1,283.04 
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Fig. 7. Comparative growth of poultry, other kinds of livestock, and human population, 
1880-1940. (Data from U. S. Census.) 

Relative importance of different species of poultry. Chickens constitute 
more than 90 per cent of all poultry raised. The numbers of the most 
popular species of poultry raised in 1939 were as follows: 

660,565,663 
27,933,756 
12,138,820 
1,152,299 

The value of the chicken eggs produced is nearly double that of the 
chickens raised (Table 4). 

The Future OF the Poultry Industry 

The poultry industry, as it is known today, is one of the newer branches 
of agriculture. It has grown rapidly during the last thirty years. As a re- 


Chickens 
Turkeys . 
Ducks . . 
Geese. . . 
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suit of these factors, many of the present-day poultry practices are not 
based on tested scientific facts. Some of them will undoubtedly be 
changed when science has had a chance to check the methods in use. The 
industry is not greatly influenced by foreign markets because there is a 
national balance between production and consumption. 

The future of the poultry in- 
dustry will depend largely on 
how economically poultry meat 
and eggs are produced. 

Consumption problems. The 
consumption of poultry prod- 
ucts is far from the saturation 
point. The average annual per 
capita consumption of eggs in 
the United States in 1934 was 
287, and in 1944 it was 351. 

The estimated yearly per capita 
consumption of eggs in rural 
communities is probably about 
double what it is in cities. Die- 
ticians recommend an egg a 
in liberal diets. 

Consumption of poultry products has been Jiindered by a lack of educa- 
tion regarding their food value, very little advertising, difficulty of secur- 
ing good products in cities, and the relatively high price of poultry meat 
and eggs. The economic status of people has a marked influence on the 
consumption of poultry products. Urban people, who can afford to spend 
enough money for an adequate diet, eat more than twice as much poultry 
products as those who have very little money to spend for food (Table 5) . 

Egg-production possibilities. The average annual production per bird 
has been doubled during the past fifty years. This has been accomplished 
through better breeding, feeding, and management. Even now, the aver- 
age annual egg production is only about 110 eggs. Well-fed and well- 
managed flocks average about 150 eggs per bird per year. If the flocks are 
also well bred, they average 200 eggs or more per bird. Some birds pro- 
duce more than 300 eggs per year. Better knowledge of breeding, feeding, 
and management will result in still better egg production and lower the 
cost of poultry production. 

Hatchability problems. The estimated hatchability of all eggs set is 
about 64 per cent. In other words, about 36 eggs out of every 100 set are 
lost as a result of infertility or embryo mortality. Some hatches are ob- 


dav distribution of poultry. (Interna- 

7 tional Yearbook of Agriculture, 1937-1938.) 




THE INFEUENGE OF INCOME ON THE CONSUMPTION OF PRINCIPAL FOODS OR FOOD GROUPS BY 
CITY FAMILIES IN THE NORTH ATLANTIC STATES ^ 



.. Circular 507. 


CHICKENS OVER 4 MONTHS OLD 

Number, April 1, 1940 



Distribution of chickens in the United States, 






CHICKENS ON FARMS 



Fig. 10. Distribution of chickens by states and size of flocks. Compare with Table 4 for changes in distribution between 1930 and 1944. 










THE POULTRY INDUSTRY 


19 


tained with 90 per cent or better hatchability. Better knowledge o£ breed- 
ing, management of breeders, and incubation will undoubtedly reduce 
hatching losses. 

The problem of feed cost in poultry production. A hundred Leghorn 
hens require about nineteen pounds of feed per day for maintenance. For 
every ten eggs they lay, approximately one extra pound of feed is required. 
Therefore, the higher the production obtained, the less feed required per 
dozen of eggs. 

A pound of poultry meat can be produced with every three to four 
pounds of feed fed, if rapid growth is obtained. The slower the rate of 
growth, the greater the amount of feed required per pound of gain. 

Better knowledge of poultry physiology, nutrition, and management 
practice will result in better rations, better growth and production, lower 
feed costs, and cheaper poultry. 

Mortality problems. The mortality of chickens during the growing 
period ranges from less than 5 per cent to more than 50 per cent. The 
average is about 25 per cent. As breeding stock, incubation, and brooding 
methods have been improved, mortality during the growing period has 
been reduced. There is still an opportunity to greatly reduce the average 
mortality. 

Annual mortality among layers ranges from less than 10 per cent to 
more than 50 per cent. The average is about 30 per cent. It has been in- 
creasing for the last several years. It will be impossible to keep down the 
cost of poultry production unless losses due to poultry diseases can be 
checked. Control measures have been found for pullorum, bronchitis, and 
fowl pox. It is believed that a better knowledge of poultry diseases and 
management factors will result in fewer losses from leucosis, oviduct 
troubles, parasites, and other troublesome diseases. 

Marketing problems. Eggs are perishable, and many of them are pro- 
duced hundreds of miles from the point of consumption. There is also a 
shortage of eggs produced in the fall and a surplus in the spring. They 
are produced in small numbers on many farms. These factors present 
numerous marketing problems. Some of them are being solved through 
better management of flocks and care of eggs on farms, by better trans- 
portation and refrigeration facilities, and by new marketing methods, such 
as providing frozen eggs. The increase in the use of bakery and other pre- 
pared foods (Fig. 3) affords a good market for frozen and dried eggs. 

Methods of marketing poultry meat are changing. Commercial broiler 
production and the sale of sexed chicks are resulting in a smaller surplus 
of cockerels in the summer. The sale of refrigerated dressed poultry is 
being replaced by drawn, fast-frozen poultry that is ready for the oven. 








jL.. 


Fig. n. The Seventh World's Poultry Congress, held in Cleveland, Ohio, 
attendance of more than 800,000. Top left, part of the exhibit buildings, 
one of the nutrition exhibits. Center, the Japan exhibit. Bottom, part < 
exhibit. 
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Most of this poultry must pass rigid inspection, therefore assuring a qual- 
ity product. Many birds are culled from flocks and sold because of the 
effects of disease. This practice lowers the quality of market poultry. 

A knowledge of economics and changing farm and marketing prac- 
tices is needed in order to predict the course that should be followed in 
future poultry production. 

Review Questions 

1 . Why is general information regarding the poultry industry discussed before 
starting with specific phases of poultry production, such as breeds or 
breeding? 

2. What are the chief distinguishing characteristics which separate poultry 
from other farm animals and from other birds? 

3. How does poultry raising compare with other branches of agriculture as a 
source of farm income? 

4. List the ways in which eggs may be used as a food. 

5. In what ways are eggs used in industries? 

6. Why are chickens increasing in popularity as laboratory animals? 

7. List the principal factors responsible for the development of the poultry 
industry to its present position in the United States. 

8. Describe the world distribution of poultry. 

9. Are poultry population and human population similarly distributed in the 
United States? 

10, List two reasons why the northeastern states provide the best market for 
poultry products. 

11, Compare the exports and imports of poultry products, 

12, Why do this and other general poultry textbooks devote more space to the 
study of chickens than to all the other species of poultry combined ? 

13, Which has shown the greatest relative increase in relation to population: 
chickens on farms, dairy cows, or meat animals ? 

14, Have the production and consumption of poultry products about reached 
the saturation point in the United States? Give reasons for your answer. 

15, List the major problems facing the poultry industry of the future. 
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CHAPTER TWO 


ClasseSj Breeds^ and Varieties 
of Chickens 


The Origin of the Chicken 

For more than 5,000 years the domesticated fowl has been one of man’s 
benefactors. Yet, today thousands of wild chickens of the Gallus genus 
live in the jungles of southeastern Asia. The exact ancestry of the do- 
mestic fowl is somewhat obscured by the antiquity of its origin. It is im- 
probable that all the present-day varieties sprang from a common origin. 
Those varieties which comprise the Asiatic class have structural differences 
and behavior which indicate that they came from a different ancestry than 
the other varieties. Darwin believed that all chickens had a common 
origin but he was probably not aware of the fact that the opening through 
which the spinal cord passes to the brain in the Asiatic varieties is perpen- 
dicular while in other varieties this opening is horizontal. Such a struc- 
tural difference indicates a different ancestry. The habits of the varieties 
in the Asiatic class indicate an ancestry which roosted on the ground and 
nested on a mound of earth. Such breeds as the Leghorns probably had 
tree-roosting ancestors. Authorities agree quite generally that the red 
jungle lowly GaUus ban\iva (Fig. 12), was one of the ancestors. More 
recent investigations suggest that at least four species of the jungle fowl 
may have contributed to the development of the domestic fowl. These 
four species in which the long axis of the occipital foramen is horizontal 
are the Gallus ban\iva (rtd) ysonnerati (gray), lajayeiti (red and yellow). 
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bankiva, one of the probable ancestors of the domestic fowl, 
weighs about two and one*half pounds. 


I B and vanus (green) . These may be accepted as the ancestors o£ the varieties 

I which belong in the classes other than the Asiatic class. The ancestor of the 

I ®’^3.hmas, Cochins, and Langshans was likely the Aseel or Malay fowl, 

i which was domesticated in Asia more than 3,000 years ago. 


Development of the Modern Breeds and Varieties of Chickens 

There is a great biological difference between the two-pound jungle hen 
which laid 15 eggs and the recent Barred Rock hen which laid 349 eggs 
or a present-day thirteen-pound Jersey Giant. How has such progress 
been made.? Heredity has been the force which nature and man have 
used to direct the development of the domesticated fowl. Fortunately 
there has been much variation so that man and nature could make selec- 
tion. Natural selection both before and after domestication developed a 
more vigorous bird. 
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Fig. 13. A cock fight. 

Cock fighting. Many early references to cock fighting suggest that this 
was one of the principal early uses of the male of the species. This sport 
(Fig. 13), though in ill repute today, accelerated the law of the survival 
of the fittest and did much to develop the vigor ana vitality of the species. 
It also served the very useful purpose of giving wider distribution to the 
domestic fowl as cock fighting spread throughout the world. 

Meat production. If the meat of the chicken had not possessed such 
delicious edible qualities, it is not likely that the so-called meat and gen- 
eral-purpose breeds would have been developed. However, man soon 
learned the value of the chicken as a source of food and he selected the 
larger and better-fleshed birds so that his meat supply might be increased. 
This type of selection increased the size of certain breeds. Many people 
are of the opinion that the meat qualities of the domestic fowl have been 
neglected in the twentieth century since egg production has been so much 
emphasized. 

Exhibition qualities. From 1870 to 1920 may be called the “Golden 
Era” of the fancier, when he reigned almost supreme. The trap nest had 
not yet caused the worship of egg records and fancy feathers and body 
form remained the goal of every true breeder. These breeders, by breeding 
for uniform type and definite color patterns, did much to establish the 
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Standard breeds and varieties. Many beautiful color patterns (Fig. 14) 
were developed and excellent type birds were established. While in some 
cases vitality may have been lowered at the expense of exhibition quality, 
the exhibition breeders made very definite and important contributions to 
the development of the chicken. 

Egg production. The invention of the trap nest and the discovery of 
the laws of inheritance, together with their application to poultry breed- 
ing, were major contributions to the development of high-producing 
strains of poultry. The trap nest was a practical device for determining 
the number of eggs the individual bird would lay; and those eggs could 
be identified and such characters as size, shape, color, and interior quality 
could be determined. Poultry breeders are today applying the laws of 
heredity to their breeding problems and using the trap nest to identify 
their breeding stock. 

The American Poultry Association 

The American Poultry Association, organized at Buffalo, New York in 
1873, has for its object the protection and promotion of the Standard-bred 
poultry industry. The association issues the American Standard of Perfec- 
tion, which describes the respective varieties, breeds, and classes of poultry 
which are recognized as Standard-bred (Chart 1, Appendix). The Stand- 
ard is usually issued every five years; the last new Standard was issued 
in 1945. 

The association has the responsibility of recognizing new breeds and 
varieties of poultry. Breeds or varieties which the association considers 
obsolete are dropped from the list of Standard-bred poultry. The associa- 
tion issues licenses to judges who pass the examinations as given by the 
Committee on Licensing Judges and Flock Inspectors. These examina- 
tions consist of a written examination on the Standard of Perfection and 
practical judging work under the observation of a licensed judge. Those 
who pass the examination are authorized to officiate as judges in poultry 
shows. 

Standard Classification 

Breeds and varieties admitted to the Standard must possess distinctive 
type and color patterns and be sponsored by at least five members of the 
association who are active breeders of the variety. 

The term class is used generally to designate groups of Standard breeds 
which have been developed in certain regions; thus, the class names— 
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some Spanish and Dorking blood alS f with pos 

Rocks were selected in 1889 from ma / f""’ 'f'' " 

Massachusetts, vicinity of West] 




CLASSES, BREEDS, AND VARIETIES 


29 



American Class 

The breeds and varieties in this class were developed by American 
breeders to serve the general purpose of supplying both meat and eggs. 
All varieties in this class possess certain common characteristics; for ex- 
arnple, they have yellow skin, nonfeathered shanks, and red ear lobes, and 
all lay brown-shelled eggs except the Lamonas, which lay white-shelled 
eggs. The chart on page 704 lists the varieties and breeds in this class 
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■*«■ Bottom, New Hampshires. 
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and gives their more important characteristics. These breeds and varieties 
have proved their value, and today they are widely distributed in other 
countries as well as the United States and Canada, 

Plymouth Rocks. The oldest and, until recent years, the most popular 
variety of this breed was the Barred Plymouth Rock, which originated in 
Connecticut from a Dominique-Black Cochin cross made in 1865. It 
created quite a sensation when exhibited in 1869 and became thereafter a 
very popular variety. It was admitted to the first Standard published 
in 1874. Other varieties of this breed and the order of their admittance to 
the Standard are White (1888), BuflE (1892), Silver-Penciled (1894), 
Partridge (1909), Columbian (1910), and Blue (1920). The Barred and 
White varieties are the two most popular varieties of this breed. In re- 
cent years there has been an increasing demand for White Plymouth Rock 
chicks for broiler production. The sex-linked inheritance of barring, re- 
sulting in lighter males than females, has complicated the breeding of the 
Barred variety to a single standard for males and females. 

Wyandottes. The oldest variety of this breed is the Silver-Laced (Fig. 
17), which was admitted to the Standard in 1883. There is some un- 
certainty as to the origin of this variety, but in 1870 John P. Ray of Hem- 
lock, New York crossed Silver Seabrights (large laced fowls) with the 
Asiatic Chittagongs. It is also reported that some strains of Silver-Laced 
Wyandottes originated by crossing Dark Brahmas with Hamburgs and 
White Cochins. The other varieties of this breed and the order of their 
admittance to the Standard are Golden-Laced (1888), Buff (1893), Black 
(1893), Partridge (1901), Silver-Penciled (1902), White (1903), and Co- 
lumbian (1905). 

The Wyandottes have had waves of popularity in America. Today the 
White variety is the most popular Wyandotte. While it has been handi- 
capped by small egg size and relatively poor hatching results, this variety 
is now being bred by breeders who are correcting these defects; and ex- 
cellent White Wyandottes are available for poultry raisers who prefer this 
variety. 

Rhode Island Reds. The Rhode Island Reds were not developed by the 
fancier but were developed by the farmers of the Little Compton District 
of Rhode Island. The original crosses were red Malay Games and red- 
dish-colored Shanghais, followed by the introduction of the blood of many 
other breeds, such as the Brown Leghorn, Cornish, and Wyandotte. The 
Single-Comb Reds (Fig. 17) were admitted to the Standard in 1904 and the 
Rose-Comb variety in 1905. The early development of this breed was for 
utility purposes. Later it became a fancier’s fowl as well. Too much em- 
phasis on color, in some cases, has been at the expense of utilitarian qual- 
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ities. Unfortunately, some of the production breeders of Rhode Island 
Reds have neglected color in their breeding stock so that state inspectors 
supervising breeding work under the National Poultry Improvement Plan 
are confronted with either rejecting flocks of this breeding or classifying 
them as of some other breed. The goal of Rhode Island Red breeders 
should be high-producing birds which have definitely the type and color 
which distinguish this breed. 

Rhode Island Whites. The Rhode Island Whites were developed from 
a mating of White Wyandotte cockerels and Partridge Cochin hens. The 
offspring were crossed with Partridge Cochin males and the pullets from 
this cross were mated to a Rose-Comb White Leghorn male. The progeny 
were then interbred and selection made for the Rhode Island White char- 
acters. The Rose-Comb Rhode Island Whites were admitted to the Stand- 
ard in 1922. They established some remarkable egg records in egg-laying 
contests and became a popular variety. Their popularity has waned, and 
today relatively few poultry raisers keep this breed. 

Single-Comb Rhode Island Whites are also raised by some poultrymen 
but they have failed to gain Standard recognition because of their close 
resemblance to the White Plymouth Rock. 

New Hampshires. This breed (Fig. 17) developed from the Rhode Is- 
land Red stock which was introduced into New Hampshire from Rhode 
Island and Massachusetts. For more than twenty-five years the poultry- 
men of New Hampshire selected their Reds for such production qualities 
as early maturity, early feathering, large egg size, and good meat type, ap- 
parently omitting color of plumage from consideration. There resulted 
fowls possessing distinctive characteristics. Their color pattern was lighter 
than that of exhibition Rhode Island Reds but not unlike some strains of 
Reds in which the breeders have emphasized egg production and let color 
“take care of itself.’’ At present much interest is being manifested in New 
Hampshires because of their vitality, early maturing, rapid growth, early 
feathering, and large eggs. The continued popularity of this breed will 
depend on its ability to compete with other American breeds for the favor 
of the American farmer. 

Other breeds. The other breeds and varieties in the American class 
have not been generally adopted by the public, and therefore few flocks of 
these varieties are found on farms in the United States. These breeds are 
the Dominiques, Javas (Black and Mottled), Chantecler (White and 
Partridge), Jersey Black Giants, and Lamonas. 

Poultry breeders contribute more to the poultry industry by improving 
the productive qualities of existing breeds than by developing new breeds, 
Too many inferior breeds are recognized as pure breeds. 
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Mediterranean Class 

This class contains those breeds which had their origin near the Medi- 
terranean Sea— namely, Leghorns (Italy), Minorcas (Minorca Island), 
Spanish (Spain), Blue Andalusians (Andalusia, Spain), Anconas (Italy), 
and Buttercups (Sicily). The breeds in this class are characterized by 
white ear lobes, relatively large combs, nonbroodiness, early maturity, 
nervous disposition, and production of white-shelled eggs. A list of all 
the breeds and varieties in this class is given in Chart 1, Appendix. 

Leghorns. This breed (Fig. 18) has become very popular in America, 
and in 1930, 37 per cent of all chickens in the United States were Leghorns. 
The popularity of this breed rests upon its reputation as an egg producer. 
While there are thirteen Standard varieties of Leghorns, those which have 
gained public favor are the White, Brown, and Buff. 

Minorcas. Five varieties of Minorcas (Fig. 18) are found in the United 
States — ^narhely. Black (Single- and Rose-Comb), White (Single- and Rose- 
Comb), and the Single-Comb Buff. The Minorcas are noted for their egg 
size. Egg weights compiled by the United States Department of Agri- 
culture from the egg-laying contests of the United States for the year 
1929-30 showed that the Black Minorca laid the largest eggs (25.7 ounces 
per dozen) of all varieties entered in those contests that year. In recent 
years the Leghorn breeders have been able to satisfy the demand for 
large eggs by developing strains which produce large eggs and thereby 
they have prevented any significant trend to the Minorcas because of their 
large eggs. Difficulty is experienced in distinguishing Single-Comb White 
Minorcas from Single-Comb White Leghorn hens which have completely 
bleached out as the result of a long laying period. The shape of the front 
of the comb is helpful in making this distinction; the single comb of a 
White Leghorn either stands up in front or the entire comb lops to one 
side, while the Minorcas comb usually forms a loop at the front to one 
side and the entire comb lops back to the opposite side. 

Anconas. Since the Standard description of the type of this breed does 
not differ from that of the Leghorn, it appears that the Anconas (Fig. 18) 
might very well have been called mottled Leghorns. The breeders of 
Anconas have not been active in developing their ability as producers of 
eggs, and as a result the White Leghorn breeders have supplied the de- 
mand for high-producing birds which lay large eggs, and the Anconas 
have gradually decreased in popularity. 

Other breeds. The other breeds in this class are the White-Faced Black 
Spanish, Blue Andalusians, and Buttercups. These breeds have not 
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Fig. 19. Some breeds of the English Class. 
Buff Orpingtons, lower left. Speckled Sussex. 


Upper left, Silver-Gray Dorkings. 
Lower right. Dark Cornish. 
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gained the favor of the American farmers or poultrymen because other 
breeds possessing similar characteristics and producing white-shelled eggs 
have been more efficient producers of eggs which satisfy American market 
requirements. 


English Class 

The breeds of English origin include the Orpingtons, Cornish, Austra- 
lorps, Dorkings, Sussex, and Redcaps. They all have white skin except 
the Cornish, which has yellow skin. The breeds in this class have red 
ear lobes and all except the Dorkings and Redcaps lay brown-shelled 
eggs. They possess good meat quality but some markets prefer poultry 
with yellow skin and therefore discriminate against these white-skinned 
breeds. The Cornish are poor layers, but they possess excellent meat type 
having particularly well-developed breasts. 

C^mgtons. The Orpington name came from the town of Orpington 
m Kern County, England, the home of William Cook, who developed 
black Orpngtons. Of the four varieties— Bull, White, Blue, and Black— 
t e Buff Orpington (Fig. 19) is the only variety which has widespread 
distribution in the United States. The Buff Orpingtons were very likely 
developed froin the Lincolnshire Buffs, which were produced by crossing 
Dorkings and Buff Cochins. Some flocks of White Orpingtons are found 
in the United States but the Black Orpington and the Blue Orpington 
are rarely found in this country. The Orpingtons resemble the Plymouth 
Rocks in type but are sHghtly larger. 

Standard describes three varieties of Cornish: 
Dark, Whue, and White-Laced Red. The Cornish (Fig. 19), formerly 
ca ed the Cornish Indian Game, are very closely feathered and have un- 

but they have not held the esteem of the American poultryman or farmer. 

shouirbr^'d this variety appears to be waning, and unless there 
should be a definite revival of interest in their meat quahty, fewer Dark 
Cornish will likely be raised in the United States in the future. They may 
find a place in crossbreeding to improve meat quality. ^ ^ 

Dmkmg. The Standard recognizes three varieties: Silver-Gray White 
and Colored. Coluinella, a Roman agricultural writer of the first’century 

no doubt referred to the ancestor of the Dorking fowl when he stated ■ 
Those are believed to be the best breed that have five toes.” The Silver- 
ray orking (Fig 19) is the only variety of this breed which has found 
even 9 hrnited number of admirers in America, The Dorkings have red 

ear lobes but lay white-shelled eggs. . o ngs nave red 
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Sussex. Of the three Standard varieties — Speckled, Red, and Light — 
only the Speckled Sussex (Fig. 19) has met with favor in the United 
States and of this variety there are only a few breeders. The Sussex are 
splendid meat birds and have been prized as market poultry in England 
for the past two hundred years. The Light Sussex is the most popular 
variety of this breed in Canada and England. 

Australorps. This breed, as its name indicates, is an Australian Orping- 
ton. The Black Orpingtons which were taken to Australia were there 
bred into a very productive fowl and established at one time the world’s 
annual egg record in an egg-laying contest. Some very good producing 
Australorps were imported into the United States and good flocks of this 
breed were established here. Black Australorp cockerels are in demand 
for crossing with White Leghorns to produce Austra whites. 

Redcaps. This breed is seldom found in the United States. It appar- 
ently has only a limited following in England. The Redcaps produce 
eggs with white shells. 

Asiatic Class 

The breeds of Asiatic origin have made valuable contributions to the 
blood lines of breeds in the American and English classes. Apparently 
the descendants of the jungle fowl and the Malay fowl were not interbred 
until they reached England and America in the ninteenth century. The 
large breeds imported into these countries from China and India evidently 
possessed plenty of size, stamina, and egg-laying ability. This stock made 
valuable contributions in the development of the American breeds and in 
this manner rendered the poultry industry of America a distinct service. 
However, their popularity as pure breeds has gradually decreased. At the 
World’s Poultry Congress held in Cleveland, Ohio in 1939, several speci- 
mens of this class were displayed. The beautiful type and color patterns 
which these specimens showed impressed observers with the beauty of 
a real fancier’s fowl. 

Brahmas. This breed (Fig. 20) came originally from the Brahmaputra 
district of India. The Gray Chittagongs still found in this part of India 
are quite similar to the modern Br,ahma. The first specimens imported to 
America in 1846 and England in 1853 were light in color. The varieties 
Light and Dark were developed in America and England and were ad- 
mitted to the first American Standard published in 1874. The Buff 
Brahma was recognized as a Standard variety in 1924. The decline in 
popularity of the Brahmas was likely due to the fancier’s overemphasis on 
feather development and neglect of production qualities. 
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Cochins. When first imported to America about 1847, the fowls which 
later came to be known as Cochins (Fig. 20) were called Shanghais. 
Their popularity was greatly enhanced in England by the interest mani- 
fested by Queen Victoria in exhibiting them at the Royal Dublin Society 
Show in April, 1846. They are reported to have created the “hen fever” 
and started the chicken fancy in America. The original importations 
were various shades of buff color and were said to be the first buff -colored 
fowls seen in England and America. The other Standard varieties— 
Partridge, White, and Black — are reported to have arisen by the selection 
and breeding of off-colored specimens which came from the early Cochin 
matings. It is more logical to assume that some outside blood was intro- 
duced to produce these varieties. 

The popularity of the Cochins waned when the public discovered that 
they were poor producers and very broody. This is an example of what 
improper breeding can do to destroy a breed. If the breeders had bred 
for nonbroodiness and egg production instead of concentrating effort on 
profuse and loose feathering, this breed, which had an auspicious begin- 
ning, might have remained one of the popular breeds of America. 

Langshans. The Black Langshan (Fig. 20) was taken to England from 
China in 1872 and was imported to the United States from England. 
This breed was found in the Langshan district of northern China north 
of the Yangtsze Kiang River. The White Langshans probably arose as a 
sport from the Blacks. Though excellent flocks of Langshans were found 
a few years ago, their popularity has also declined. Artificial standards 
for the long-legged type injured their economic quality and contributed 
to their present unpopularity. 

Other Standard Classes 

The American Standard of Perfection describes several classes of chick- 
ens which have but little economic importance in the United States. 
Many of the breeds in these classes are of interest to fanciers only, while 
others are popular breeds in their homelands. 

Polish class. The “Paduan” fowl which was described in Italy as early 
as 1600 possessed characteristics quite similar to the Polish breed. The 
Polish (Fig. 21) are crested and have an unusual skull structure. This 
peculiar skull formation suggests a crested jungle fowl ancestry. The 
Polish in the United States are a fancier’s fowl. 

Hamburg class. The Hamburgs (Fig. 21) originated in Holland. 
When first introduced into England and America they were popular with 
the fanciers and at one of the early Boston shows three hundred specimens 
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Fig. 20. Breeds of the Asiatic Class. Top, Black Langshans. Center, BuflF Cochins. Bottom^ 
Light Brahmas. 
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o£ this breed were exhibited. They remain a fancier’s fowl and therefore 
are of little economic importance to the poultry industry of the United 
States. 

French class. The French breeds and varieties described in the Ameri- 
can Standard are Houdans (Fig. 21) (Mottled and White), Crevecoeurs 
(Black), LaFleche (Black), and the Faverolles (Salmon). These breeds 
are noted for the quality of their meat. The Houdans are sometimes 
found in the show room in the United States but the other breeds are 
rarely seen even in these poultry exhibitions. 

Continental class. The American Poultry Association recognizes only 
one breed in this class — the Campines (Fig. 21) (Silver and Golden). 
These fowls have been bred in Belgium for several centuries. The 
modern Campine is reported to be half Campine and half Braekel. 
Though similar to the Leghorn in many respects, this breed has not be- 
come popular in America. 

Game and Game Bantam class. The modern Game fowl is an ex- 
hibition bird and is raised for ornamental purposes. Though cock fight- 
ing is outlawed in the United States, the sport remains one of the gam- 
bler’s devices for stimulating betting; and it is said that outside the law the 
sport flourishes in some communities. The English Pit Game is used for 
this purpose. 

Oriental class. As the class name and the names of these breeds 
(Sumatra and Malay) indicate, they come from southeastern Asia. 

Ornamental Bantams. The Bantams are excellent pets for children 
and ideal for the true fancier who desires to try his hand at shaping the 
type and arranging the color designs of his chosen variety. 


Non-Standard Breeds and Varieties 

While there are a great many varieties of chickens which have not been 
admitted to the American Standard, only those which have attracted the 
public because of some peculiar character or their economic possibilities 
will be discussed here. 

Jersey White Giants. This variety is at present in the process of for- 
mation. These birds are similar in size and shape to the Jersey Black 
Giants. Their greenish shanks have caused market difficulties because the 
green pigment sometimes appears on the edible portions of the bird. This 
condition confuses the public as well as the market men, who discriminate 
against such birds because they believe this condition is evidence of 
bruising and subsequent decomposition. 
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Fig. 21. Some breeds of the Continental European classes. Upper 
Upper right/ Silver-Spangled Hamburgs. Lower left, Mottled Houdans, 
Crested Block Polish, 
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Yokohama. This long-tailed Japanese breed is of interest because of 
the unusual tail development. The sickle feathers sometimes attain a 
length of from fifteen to twenty feet. A specimen with such tail develop- 
ment which was exhibited by the Japanese government at the Seventh 
World’s Poultry Congress in Cleveland, Ohio, in 1939 attracted much 
attention. 

Araucana. This breed, first reported in 1914 from South America, is 
often rumpless, has a peculiar muff development, and lays eggs with 
blue shells (but often containing some brown or red pigment). These 
characteristics suggest an origin different from that of other domestic 
fowls. But when it is recalled that rumplessness and muffs are found in 
other breeds and that egg shells with some blue color are not uncommon 
in the domestic fowl, it is logical to assume that this is a breed which may 
have been separated from other breeds for 350 years, during which time 
the Indians of South America selected a fowl quite different from that 
which the Europeans preferred. 

Naked-necked fowl. This breed, erroneously referred to as the “Tur- 
ken,” has a bare neck. It should be noted that to date (1946) all fertile 
eggs produced by crossing chickens and turkeys at experiment stations 
have failed to hatch. 

The Japanese long-crowing fowl. In 1939 at the Seventh World’s 
Poultry Congress in Cleveland, Ohio, the Japanese government displayed 
some mounted specimens of this variety and reproduced with a record- 
ing instrument the unusually long crow of this fowl. Evidently the 
fanciers of Japan developed this unusual fowl by a process of selection 
and breeding. 

Crossbred poultry. In recent years the crossing of pure-bred breeds 
of chickens has received considerable attention by both poultrymen and 
farmers. (Discussion of crossbreeding as a system of breeding poultry 
begins on page 108.) Some of the more common crosses used are 
Barred Plymouth Rocks with Rhode Island Reds, White Plymouth 
Rocks with White Leghorns, and Black Australorps with White 
Leghorns. 

Choosing a Variety to Raise 

That there is a great diversity of opinion as to the best variety of poul- 
try to raise is evidenced by the 167 varieties which the American Poultry 
Association recognized in its 1945 Standard. Each variety has its advo- 
cates. The Bantams surely have a place as pets, the Games and Game 
Bantams are the fanciers’ creation, the breeds in the Mediterranean class 
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are preferred because of their heavy production of large white-shelled 
eggs, and the breeds of the English class and the American class are good 
producers of eggs and meat. Each color pattern has its champions. The 
beginner will do well to observe the successful poultryman or breeder 
and start with some of the same stock. Many beginners have permitted 
some minor and probably fancy point to influence their selection of a 
variety which later caused the failure of their poultry enterprise. 


Exhibition Judging of Poultry 

The judging of poultry for exhibition quality, though not emphasized 
as much as it was twenty-five years ago, is important and should be under- 
stood by students interested in poultry. Although the emphasis has been 
shifted to utility and the demand for fancy feathers has decreased, breed 
type and the more fundamental exhibition qualities should be preserved 
in the so-called production strains. 

Score card. The score card, once essential to every poultry show, today 
is seldom seen in the show room. Score-card judging has given way to 
judging by comparison. Formerly, every bird entered in the show was 
“scored” and the winners determined by the birds’ respective scores. The 


SCALE OF points USED IN JUDGING VARIETIES FOUND IN THE AMERICAN, 
MEDITERRANEAN, ENGLISH, AND ASIATIC CLASSES 



White 

Solid Color Other 
Than White 

Parti-Colored 

Shape 

Color 

Shape 

Color 

Shape 

Color 

1. Symmetry 

4 


4 


4 


2. Weight or size 

4 


4 


4 


3. Condition and vigor 

10 


10 


10 


4. Comb 

5 


5 

. . . 

5 


5. Beak 

2 

1 

2 

1 

1 2 

1 

6. Head •. 

3 

1 

3 

1 

3 

1 

7. Eyes 

2 

2 

2 

2 

i 2' . 

2 

8. Wattles 

2 


2 


' 2 ; 


9. Ear lobes. 

2 

2 

2 

2 

2 

2 

10. Neck. 

3 

3 

2 

4 

1 

5 

11. Wings. 

5 

3 

4 

4 

3 

5 

12. Back....;.... 

8 

4 

7 

5 

I 6 

6 

13. Tail.......... 

5 

3 

1 4 

4 

4 

4 

14. Breast. . .......... 

7 

3 

' 5 

5 

! 'S'., 

■ .5 

15. Body and fluff . ........ . . 

5 

3 

5 

3 

■ ■ 4 

4 

16. Legs and toes. . . ... ..... 

5 

3 

S 

3 


3 


72 

28 

66 

34 

h . 62-"' 

38 
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score card remains basic in the decisions of the experienced and conscien- 
tious judge. 


Exhibiting Poultry 

Because of the shift in emphasis from the exhibition ideal to the utility 
goal, the exhibition of poultry has almost become a lost art. While the 
competition which existed in the exhibition poultry shows encouraged 
faking, it also developed the art of training and conditioning birds for 
the showroom. It is hoped that the art of exhibiting poultry without its 
abuses may be retained by the industry. 

Birds sent to shows should be placed in large coops where they have 
plenty of feed. Unless water can be placed in containers in the coops so 
that there is little danger of the bird or coop becoming soiled by it, some 
succulent feeds should be placed in the coop instead of water. If con- 
venient, the owner of the birds should attend the show and carefully 
groom the birds before they are judged and be present to show them to 
interested spectators and prospective customers. 

Many breeders have abandoned the exhibition poultry shows because 
of the danger of introducing disease in their flocks. The shows should 
bar all diseased birds and take all practical sanitary measures to prevent 
any outbreaks of disease during the show. All birds returned to the 
breeders’ premises should be kept away from the flock for two weeks. 
Some breeders make it a policy to sell all birds exhibited and never return 
them to their flocks. 

The tendency in poultry exhibitions is to show not only the live birds 
but to exhibit their products, such as eggs, chicks, and dressed birds. Be- 
cause the hazards of disease would be eliminated, poultry shows may 
ultimately become exhibits of poultry products. 

Selection AND Preparation of Fowls for 
Exhibition 

Fowls which are to be exhibited at poultry shows should be carefully 
selected and properly fitted before they are exhibited. The selection 
should be made by examining the birds in the flock which show good 
body type and general color. These birds should be compared with the 
Standard for their breed, and examined in detail as to surface color, under- 
color, legs, toes, and disqualifications or defects. Any disqualification 
bars a fowl from being considered for a prize in the showroom. The 
birds selected should be placed in an exhibition coop for a portion of each 
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Fig. 22. Males with defective tail carriage; 1 squirrel; 2 , wry. 

day for a week or longer before they are entered in competition. The 
plumage should be examined so that the fowl will become accustomed to 
such movements when being handled by the judge. Varieties which 
show soiled plumage should be washed; and the head, feet, and shanks 
of all varieties should be carefully cleaned before they are exhibited. The 
only equipment needed for washing birds is a warm room, individual 
exhibition coops, clean litter, three wash tubs, soft water, and a good 
grade of soap. The room should be warmed to 90‘^F. and kept at about 
that temperature until the birds dry. The first tub should be filled about 
two-thirds full of warm water which is not too hot to be comfortable. In 
this tub should be dissolved one-half pound of soap. The birds should 
be held securely when placed in the water and all parts of the plumage 
should be thoroughly soaked before rubbing the feathers. The plumage 
should be lachered but care should be taken to avoid rubbing against the 
“grain” of the feather. After the birds have been thoroughly washed 
they should be passed through two tubs of rinsing water, the first tub 
containing water of about body temperature and the third tub containing 
cool water. All soap should be rinsed from the plumage to prevent the 
feathers from matting together. Much water may be removed from the 
plumage by wrapping the birds in a heavy towel. 

The shanks and feet should be thoroughly scrubbed and all dirt re- 
moved from under the scales of the feet. By rubbing some thin oil on 
the shanks, beak, comb, face, wattles, and ear lobes, the appearance of the 
bird can be greatly improved. Many valuable birds have been placed be- 
low less desirable specimens because their owners failed to train and pre- 
pare tnem for showroom competition. Exhibiting poultry is an art which 
was mastered by the early breeders and fanciers. 






Fig. 23. Male heads showing defective combs: 1, thumb mark; 2, lopped (single); 3, hollow 
center; A, side-spring; 5, uneven serrations; 6, twisted. 


Important General Disqualifications 


Weight Leghorn and Ancona males more than one and one-half pounds 
and females more than one pound below Standard weight. All other specimens 
except Bantams more than two pounds underweight. 

Shape. Deformed back or beak. Split or slipped wing. Wry or squirrel 
tail (Fig. 22). Crooked breast bone in turkeys. Twisted feather in wing or tail. 
Single combs lopped, split, or having a side sprig (Fig. 23). Rose combs ob- 
structing sight or without a spike. Combs foreign to the breed. Feathers on 
shanks or feet of any variety required to have unfeathered shanks. Decided 
bowlegs or knock-knees. 

Color. Positive enamel white in the ear lobes of the American, Asiatic, and 
English varieties except Dorkings, Redcaps, and Lamonas, Positive enamel 
white in the face of all Mediterranean cockerels and pullets except the Whit6- 
Faced Black Spanish. Shanks or feet of color foreign to the breed. Red or 
yellow in the plumage of any black variety. Foreign color in any white 
variety except slight gray ticking. 
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COURTESY D. H. REID, TEXAS A. AND M. COLLEGE 

Fig. 24. A vocational agriculture poultry-judging contest. Birds are selected for breeders; 
market birds graded; and eggs judged and candied. 


The American Standard of Perfection published by the American Poul- 
try Association, Davenport, Iowa, should be consulted for the detailed 
description of all Standard varieties and for a complete list of all defects 
and disqualifications. 

Poultry-Judging Contests 

The judging of poultry by students of poultry husbandry has been en- 
couraged during recent years by judging contests for 4-H Club members, 
vocational agricultural students, and college students. These contests 
have become so popular that the World’s Poultry Congress held in the 
United States in 1939 had judging contests for college students, vocational 
agricultural students, 4-H Club members, Negro vocational agricultural 
students, and Negro 4-H Club members. In these contests 220 boys and 
girls, coming from 38 states, participated. 

State vocational agriculture contests. Most states sponsor poultry judg- 
ing contests for students regularly enrolled in high school vocational agri- 
culture classes (Fig. 24). The Missouri contest was described in the 
announcement made in 1941 as follows: “The contest will consist of the 
judging of (1) two classes of chickens for exhibition, (2) three classes of 
chickens for production, (3) selection of breeding stock (10 birds), (4) 
classifying 20 eggs according to the U. S. Standards, (5) grading 10 live 
fowl by U. S. Grades, and (6) a written examination,” In these contests 
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Review Questions 

1. Was Darwin correct in his assumption that all chickens descended from 
the same common ancestor? 

2. What fundamental biological condition made improvement possible in 
poultry? 

3. Why did the interest in fancy poultry wane? 

4. What is the American Standard of Perfection? 

5. Who may become A.P.A. judges? 

6. Will the number of popular varieties of poultry likely increase or decrease 
in the future? Why? 

7. List the characteristics of the American breeds. 

8. Name the varieties of Plymouth Rocks. 

9. Why are the White Leghorns the most popular variety of chickens in 
America? 

10. Name the Mediterranean breeds. 

11. What were the contributions of the Asiatic breeds to the American poultry 
industry? 

12. What is a “Turken’’? 

13. What factors should guide the selection of a variety of poultry to raise? 

14. Name ten general standard disqualifications. 

15. What variety of chickens would you select for commercial poultry farming? 
Why? 

16. If you were a general farmer, what variety of chickens would you raise? 
Explain. 

17. What caused the exhibition poultry . shows in America to lose their 
popularity? 

18. What values are derived from poultry-judging contests for students? 
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CHAPTER THREE 


The Anatomy and Physiology 
of the Chicken 


The chicken may be considered as a delicate, sensitive, highly geared 
machine, A knowledge o£ its structures, their functions and operation, is 
necessary in order to understand the bird s needs and care. 

Structural peculiarities. Birds are just above the reptiles in the scale 
of animal development (Fig. 1). They are warm-blooded and covered 
with feathers, while reptiles are cold-blooded and usually covered with 
scales or horny plates. The scales on the shanks and toes of birds are 
evidence of their reptilian ancestors. Birds have compact bodies, light 
skeletons, and well-developed wings and legs, adapted for flying or run- 
ning. 

Intensity of life. Birds are active, nervous, and alert in comparison with 
their slow-moving relatives, the reptiles. The nervous system is highly 
developed and the senses of sight and hearing are keen. Food is carefully 
selected and quickly and thoroughly digested. Oxidation takes place 
quickly and a normal temperature of 105° to 109.5°F. is maintained. 

Body systems. The body of the chicken is composed of groups of tissues 
and organs which carry on the body processes (Fig. 26). 

The Body Covering OR Exoskeleton 

The body covering consists of the skin and its derivatives— the comb, 
wattles, ear lobes, feathers, beak, toenails, and scales.^ ^ ^ ^ ^ ^ 





COURTESY OHIO EXTENSION SERVICE 

Fig. 26. Sectional view of the chicken, showing; 1, windpipe or trachea; 2, esophagus oi 
gullet; 3, enlargement of gullet or crop; 4, glandular stomach or proventriculus; 5, gizzard 
6, duodenal loop of small intestine; 7, large Intestine; 8, rectum; 9, kidneys; 10, ovary 
n, lungs; 12, heart; 13, liver. 

The skin. The skin of birds is relatively thin when compared with 
that of mammals. It has no sweat or sebaceous glands, except the uropyg- 
ial or preen gland at the base of the tail. 

The skin is a protective body covering. It consists of an outer layer, 
the epidermis, and an inner layer, the dermis. The feathers, beak, toe- 


and extends to the feather roots. The skin of a fowl is very sensitive to 
touch when a bird is molting. 


The color of the skin, beak, and shanks is determined by the presence 
of skin pigments. For instance, yellow shanks are due to the presence 
of lipochrome pigment in the epidermis with the absence of melanin pig- 



p 

lisiti 




FROM • 'THE BIOLOGY OF BIRDS" BY J. A. THOMPSON. BY PERMISSION OF THE MACMILLAN CO., PUBLISHERS 

Fig. 27. Structure and development of the feather (diagrammatic). I. A typical feather; 
C, calamus or quill; A.S, after-shaft; R, rachis; W, web vane and barbs. 11. An enlarged 
part of vane; R, rachis; B, barb; A.BB, anterior barbule; P.BB, posterior barbule. III. Two 
barbs enlarged. |V. An early stage in feather development; Y.F, young feather; P, the 
Internal pulp or dermis; F.F/ the feather follicle; D, the dermis. V. A later stage In feather 
development; R, barbs; SH, sheath; D, dermis; P, pulp; and F, follicle. 
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ment. Black and its variations depend upon the presence of melanin 
pigment. When a bird is in production, the yellow bleaches out of the 
skin, eye rings, ear lobes, beak, and shanks. The practical use of pig- 
mentation for estimating the past laying performance of hens is discussed 
in Chapter Five. 

When a bird is growing or in production, the skin is soft and waxy. 
When a bird is out of production or in poor health, the skin is hard and 
dry. 

Feathers. A bird is known by its plumage. This familiar statement is 
true because feathers are confined to birds and because different species of 
birds have different kinds of plumage. Feather patterns and colors are 
made use of in identifying breeds and varieties of chickens (Fig. 14) . 

Feathers help protect the body from physical injury and aid in keeping 
it warm. Wing feathers are essential for flight. In most species of birds, 
including the fowl, the feathers are arranged in rows in definite areas or 
feather tracts. The ten major feather tracts of the chicken, listed in the 
usual order of feather development, are shoulder, thigh, rump, breast, 
neck, abdomen, leg, back, wing, and head. 

There are three principal kinds of feathers, based on structure: contour, 
plumule, and filoplume. Contour feathers cover the body. They vary 
greatly in size and shape, depending on the sex of the chicken and location 
of the feathers on the body. Contour feathers so completely cover the 
body that they conceal possible body defects. It is therefore essential to 
handle the birds in order to determine their true body shapes. Plumules 
or small downy feathers cover chicks and are found on adult birds be- 
neath the contour feathers. They possess a soft shaft and a vane without 
barbs. They retain body heat well. Filoplumes are hairlike degenerated 
feathers, remaining after a bird has been plucked. They are particularly 
abundant in the region of the head and neck. 

A typical feather consists of eight parts: the quill, shaft, accessory, 
plume, fluff or undercolor, web or surface colors, barbs, barbules, and 
barbicels (Fig. 27). The quill is cylindrical and hollow and makes up 
the base of the feather. Nutritive material for feather growth enters 
through the quill, giving it a full, green, soft appearance. In mature 
feathers the quill is filled with a gray pulp. The shaft or rachis is the con- 
tinuation of the quill or stem up through the center of the feather, The 
accessory plume is a small rudimentary feather or down growing on the 
under side of the feather at the base of the shaft. It appears only on old 
feathers and hence serves a useful purpose in distinguishing old feathers 
from the new. The fluff or undercolor is the downy portion of the 
feather, not visible when feathers are in normal position. The web or 
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surface color is the flat visible portion of the feather. The barbs are pro-* 
jections extending from both sides of the shaft. The barbules are small 
processes projecting from either side of the barbs. The barbules from one 
side of a barb fit into notches of the barbules projecting from the adjacent 
side of the next barb. The barbicels or cilia are outgrowths from the 
sides of the barbules. Some of them bear microscopic booklets which 
are linked to the barbules next in front. The barbules and barbicels hold 
the barbs together and add strength to the feather. 

In the newly formed bird, the first indication of feathers is the forma- 
tion of tiny papillae or buds on the delicate skin of the embryo (about the 
sixth day in the chick) . The skin immediately around the papilla sinks 
downward, so that later the papilla is enclosed in a follicle of the skin. 

The outer layer of the epidermis forms for the developing feather a 
protective sheath, which is cast ofi as the feather is formed. The elements 
of the tip and border of the feather are first laid down and then the shaft 
and the quill. 

A second generation of feathers (at time of molt) is formed from the 
persisting follicles. A feather bud starts to grow at the base of the old 
feather, causing it to loosen and finally fall out. In the general body 
plumage a feather is not often regenerated more than three times. The 
precise pattern of the feather is usually reproduced each time. 

Coloration of plumage is produced by pigments, by physical structure, 
or by combinations, of them. Physical or structural coloration is illustrated 
by color changes with changing light and position of the eye. The pig- 
ments are chiefly lipochromes and melanins. 

Feathers are composed chiefly of proteins. They constitute from 4 to 9 
per cent of the empty live weight, depending on the age and sex of the 
individual. An adequate supply of good quality protein in the ration is 
essential for normal feather growth. Fairly high humidity and a moderate 
temperature are also conducive to good feather growth. Activity of the 
endocrine glands influences feather development. For example, castrated 
males (capons) grow longer neck, saddle, and tail feathers than do 
cockerels (Fig. 39). 

Feather shapes and colors are helpful in the determination of sex and 
age of birds. For example, the saddle feathers of males are long and 
pointed, while the corresponding cushion feathers of females are short and 
rounded. This characteristic difference is helpful in separating the sexes 
of general-purpose breeds of broilers. The large feathers of the wings 
and tail are definite in number and are generally molted and replaced in 
regular order. This fact is made use of in culling and selecting birds for 
egg production (Chapter Five). 
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The Skeletal System 

The skeleton serves as a framew-ork for the body and the attachment of 
muscles, protects vital organs, holds the bone marro’w, and contains air 
spaces which aid in flight and respiration. The bone marrow produces 
the red blood cells and part of the white cells. 

The bird’s skeleton (Fig. 28) differs very materially from that of the 
mammal. The bones are light and in some of them the bone marrow is 
replaced by air spaces. Many of the bones are fused together, thereby 
giving greater rigidity to the body. The limbs are adapted for both walk- 
ing and flying. The skeleton is more compact than that of mammals and 
contains fewer bones. 

The head is small in comparison with other body parts. The jaws are 
known as mandibles and form the bird’s beak. The nasal cavities open 
into the roof of the mouth from a point just back of the upper mandible. 
The orbit cavities are large. The brain is well encased in the rounded 
and fused cranium bones. 

The nec\ is long and very flexible. The cervical vertebrae fit upon each 
other in such a way that there is great freedom of movement of the head 
and neck for eating, care of plumage, defense, and other purposes. 

The backbone shows much fusion of vertebrae. It ends in a rudimen- 
tary tail, the pygostyle. The pygostyle supports the main tail feathers. 

The wings correspond to the arms and hands of man. The large 
humerus bone connects with the interclavicular air sac (Fig. 31). There 
are three fingers but only one of them is well developed. The wing is 
carried folded on the back. 

The hind limbs are adapted for walking and perching. The thigh is 
concealed beneath the feathers. The tibia or “drumstick” is the largest 
bone of the limb. Most breeds of chickens have four toes, three extending 
forward and one Backward, although Dorkings and Houdans have five 
toes. The toes end in claws, which aid in scratching and perching. The 
spur, above the toes, is more developed in males than females and is used 
for defense. The older the bird the greater the spur development. 

The ribs are attached above to the spinal column and below to the 
sternum. They are braced to each other by additional bones to give a 
firmer framework. 

Hh-t sternum or breast bone is very large and projects back beyond the 
ribs, forming a part of the abdominal floor. The sternum protects the 
vital organs above it. A thin blade, the keel, projects downward from 
the sternum. The flight muscles are attached to it. 
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FROM ••THE STRUCTURE OF THE FOWL,” BY 0. C. BRADLEY 

Fig. 28. The skeleton of a fowl. 


The pectoral girdle, corresponding to the shoulder girdle in mammals, 
consists of the scapulae or shoulder blades, the coracoids, and the clavicle 
or “wishbone.” 

The pelvic girdle is not a closed system of bones as in mammals. It 
makes reproduction or egg laying less difficult. The pelvic girdle con- 
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sists of the ilia, ischia, and pubes or “lay bones” in the hen. The pubes 
have a tendency to straighten out when a bird is in production and to 
curve in when a bird is out of production. There is a tendency for the 
rear of the keel to drop down when a bird is in production and to be 
drawn up toward the pubes when the bird is out of production. 

Bone tissue is first laid down as cartilage. This is followed by ossifica- 
tion or the deposit of inorganic salts, chiefly calcium phosphate. The dry 
matter of bone consists of about 75 per cent organic matter and 25 per 
cent inorganic matter. During the growth of long bones, such as those 
of the legs and sternum, unossified growth zones are left near the ends. 
They finally ossify. The rear of the sternum, for instance, does not 
harden and may be bent until the bird is nearly a year old. An examina- 
tion of the sternum may be used to differentiate between pullets and hens. 

A deficiency of vitamin D or minerals results in poor calcification and 
weak spongy bones of low ash content. This nutritional disease of the 
bones is known as rickets. An excessive amount of phosphorus or a de- 
ficiency of manganese in the ration results in enlarged hock joints and 
crooked legs among broilers. This bone disease is known as perosis. 
These and other nutritional diseases are discussed in Chapter Eleven. 

The Muscular System 

The muscles produce body movements, generate body heat, cover the 
bones, and fill out the body contour. The muscles of the wings, legs, 
abdomen, and other parts of the body work in pairs. While one of the 
pair contracts to cause movement the other one relaxes. Muscle work re- 
quires food for energy and produces body heat. 

The pectoral muscles, the largest in the body, raise and lower the wings. 
They are attached to the sternum and keel of the fowl and constitute the 
“breast” of the bird. Muscles which open and close the wing are attached 
to the humerus. 

The gastrocnemius muscle on the back of the leg is connected with ten- 
dons which enable the bird to maintain itself upon a perch even while 
asleep. If the hind limb is bent, a pull is extended on a tendon which 
flexes all of the toes and bends them automatically round the perch. 
When resting, the mere weight of the body bends the hind limbs and con- 
sequently causes the toes to grasp the perch and hold the bird firmly in 
place. 

Tht diaphragm of the fowl is rudimentary and does not form a partition 
between the thoracic and abdominal cavities as in mammals. The muscle 
is represented by a tendinous membrane, lying on the ventral surface of 
the lungs. 
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The dermal muscles extending to the base of feathers make feather 
movement possible. 

Muscles are innervated by nerves and blood vessels. Oxidations in 
muscles with resulting heat and energy production are determined by the 
blood circulation. Both the blood vessels and muscles are controlled by 
nerves. When nerves are destroyed, or paralyzed by toxins, there is a 
loss of muscular activity and the bird becomes paralyzed. Abnormal 
muscle development or control is responsible for such body defects as wry 
tail and split wing (Chapter Two). 

The white and dark meat of a fowl are dependent upon the blood 
vessels coursing the muscular tissue: The .chicken walks more than it 
flies. There are therefore many blood vessels extending into the leg 
muscles and few into the wing muscles on the breast. Breast meat of the 
chicken is white and the leg meat is dark. 

The Digestive System 

The digestive system consists of the alimentary tract and its accessory 
organs — the liver, pancreas, and spleen. It differs very materially from 
that of mammals. 

The digestive system serves for food intake, storage, digestion, and 
elimination of body waste products. 

The alimentary tract. The alimentary tract (Fig. 29) consists of the 
mouth, gullet, crop, glandular stomach, gizzard, small intestine, ceca, 
large intestine, cloaca, and anus. 

The mouth is characterized by the absence of lips, cheeks, and teeth. 
The chicken is provided with a beak which is used in tearing apart and 
picking up its food. The pointed tongue is provided with barbed-like 
projections which serve the purpose of forcing the food back to the gullet. 
A small cuplike projection is made in the tongue for holding water when 
drinking. The bird must raise its head when swallowing or the water 
will run out through the nostrils, which open into the roof of the mouth. 
Numerous mucous glands in jthe mouth provide saliva for moistening 
the food for ease in swallowing. 

The gullet is the tube leading from the back part of the floor of the 
mouth (pharynx) to the glandular stomach. It is characterized by its 
great expansibility. 

The crop is the enlargement of the gullet just before it enters the body 
cavity. It serves for the temporary storage of food. Here the food is 
softened by saliva that was swallowed with the food, and by secretions 
from the crop wall/^ ^ ^ ^ ^ 
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Fig. 29. The intestinal tract and accessory organs. 

glandular stomach (proventriculus) is the thickened portion of the 
tube connecting the gullet and the gizzard. As the food passes from the 
crop to the gizzard, the glandular cells of the proventriculus secrete a 
pepsin-hydrochloric acid mixture into the canal which passes with the 
food to the gizzard. 
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The gizzard or muscular stomach joins the glandular stomach and the 
duodenal loop of the small intestine. Its walls consist of large, red, thick 
powerful muscles and its lining is a thick horny epithelium. The gizzard 
crushes food particles and mixes them with the pepsin-hydrochloric acid 
solution. Proteins are partly digested and minerals are dissolved in the 
gizzard. 

The small intestine extends from the gizzard to the large intestine. It 
consists of the duodenal loop and coils of the free portion. The coils are 
held by a thin membrane, the mesentery. The small intestine of the 
average hen is about sixty-two inches in length. 

Digestive juices are secreted into the duodenal loop from the pancreas 
for digestion of carbohydrates, proteins and fats. Alkaline bile is secreted 
into this region from the gall bladder to neutralize the acids and create 
a favorable alkaline condition for the action of the digestive enzymes. 
Digestion is completed in the small intestine. (See Chapter Nine for 
digestion details.) Absorption of digested food into the blood stream 
takes place in the coiled portion of the small intestine. 

The ceca are two blind pouches extending forward from their point of 
origin at the juncture of the small and large intestine. They are about 
seven inches long and are usually filled with soft, pasty undigested food 
(fecal material). The function of the ceca is unknown. They may be 
removed without impairing the health of the bird. 

The large intestine extends from the small intestine to the cloaca. It 
has about twice the diameter of the small intestine and is about four or 
five inches long. The large intestine holds the fecal matter until it is 
excreted into the cloaca. 

The cloaca is the enlarged portion of the alimentary canal connecting 
the large intestine and the anus or vent. Fecal material from the large 
intestine, eggs from the oviduct, and urine from the kidneys all pass into 
the cloaca and are then eliminated by way of the vent. 

The anus or vent is the external opening from the cloaca. 

The accessory organs. The liver consists of two large brown lobes of 
tissue lying by the gizzard and duodenal loop (Fig. 29). It produces a 
greenish alkaline fluid, the bile, which is stored in the gall bladder, a thin, 
dark-green sack located under the right lobe of the liver. The liver serves 
as a purification plant for digested food before it enters the general cir- 
culation, stores glycogen or animal starch, and transforms protein waste 
products into uric acid and other products suitable for elimination by the 
kidneys. 

The pancreas IS a narrow strip of pinkish tissue lying between the folds 
of the duodenal loop. It secretes the enzymes— amylase, trypsin, and lipase 
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Fig. 30. Trachea and lungs of the 
fowl: T, tongue; HY, horns of hy- 
oid; GL, glottis; TR, trachea or 
windpipe; S.T.M., sternotracheal 
muscles; SY, syrinx or voice box; 
BR, bronchial tubes; L, cavity of 
. lungs; A.S, mesobronchus leading 
into the abdominal air sac. 


— ^into the duodenal loop for the digestion of 
carbohydrates, proteins, and fats. The pan- 
creas also secretes a hormone, insulin, which 
regulates sugar metabolism. 

The spleen is generally regarded as one of 
the accessory organs of the digestive system. 
It is a reddish-brown body shaped like a 
buckeye. The spleen lies in a triangle formed 
by the liver, gizzard, and glandular stomach. 
The function of the spleen is not definitely 
known. It removes broken-down red blood 
cells and is capable of storing iron and blood. 

The Respiratory System 

The respiratory system of the chicken is 
quite different from that of mammals. The 
lungs connect with air sacs which in turn con- 
nect with hollow spaces in the bones. The 
lungs are indispensable. The active part of 
breathing is expiration rather than inspira- 
tion. 

The respiratory system supplies oxygen for 
body oxidation, removes carbon dioxide, elim- 
inates water from the body, and aids in the 
control of body temperature. 

The respiratory system (Fig. 30) consists 
of the external and internal nares, pharynx, 
larynx, trachea, syrinx, bronchi, lungs, and 
air sacs. 

The external nares, or openings just back 
of the upper mandible, open into the cleft in 
the roof of the mouth. 

The pharynx is the back part of the floor of 
the mouth. Air is drawn through the nasal 
cavities into the pharynx, where it passes on 
through an opening into the trachea. 

Th.t larynx is the slitlike opening, sur- 
rounded by a ring of cartilage, in the floor 
of the pharynx. It is attached to the upper 
end of the trachea. The larynx is kept closed 
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when swallowing food and water. It 
may become clogged with phlegm 
when a bird has bronchitis, and cause 
death by strangulation. 

The trachea or windpipe is the tube 
leading from the larynx to the syrinx 
or voice box. It is a long tube sur- 
rounded by rings of cartilage. 

The syrinx or voice box is the con- 
stricted portion of the air passage at 
the lower end of the trachea. It is a 
flexible valve which is vibrated when 
air is forcibly expelled from the lungs, 
thus producing sounds, A number of 
muscles make it possible to alter the 
tension of this valve and consequently 
the number of its vibrations and the 
pitch of the note produced. 

The bronchi are the two branches 
leading from the syrinx to the lungs. 

The lungs consist of pinkish spongy 
masses of tissue imbedded in the dor- 
sal thoracic wall on both sides or the by permission of the macmillan co., publishers 

spinal column. The lungs are coursed j:jg^ 3], system of air sacs in a bird; 

by many branches of the bronchi, '■‘9^^ ‘“"s; c, « cervical air sac; iCL, * 

, . . . j . . . , the interclavicular air sac; A.S, an out- 

wilicn lead into minute canals be- growth into the humerus bone; A.TH, on- 
set with thin membranous pouches, thoracic air sac; P.TH, the posterior 

. -1 1 .... thoracic; ABD, the abdominal air sac; TR, 

There is a rich vascular circulation in the trachea, 
the membranes of the walls of the 

lungs. Oxygen passes from the lungs into the blood and carbon dioxide 
passes from the blood to the lungs. 

The air sacs are accessory lungs. There are four pairs and a large single 
air sac in the fowl (Fig. 31). They connect the lungs with the hollow 
spaces in the bones of the limbs and other parts of the skeleton. The air 
sacs serve for respiration, impart lightness and buoyancy to the body, and 
permit diffusion of water from the blood to be excreted from the lungs in 
the form of vapors. It is estimated that one hundred hens secrete about 
a gallon of water daily by way of the lungs. 

The air sac connects the hollow spaces in the bones of 

the wings with the anterior ends of the lungs. The large abdominal air 
sacs occupy the spaces between the abdominal organs and the body walls. 



64 


POULTRY 


'■Renal arteries 



Capillaries of head 


FROM ‘-ANIMAL BIOLOGV BY M. F. GUYER, BY PERMISSION OF HARPER AND BROTHERS, PUBLISHERS 


Fig. 32. A diagram of the blood-circulating system of the fowl and mammal. The heavier 
shading represents unoxygenated blood; arrows indicate the direction of flow. 

They connect the hollow spaces of the leg bones with the lungs. The 
anterior and posterior thoracic air sacs lie in the chest cavity. They con- 
nect with the lungs only. The cervical air sacs lie close to the interclavicu- 
lar air sac, and connect the cervical and thoracic vertebrae with the lungs. 
Birds have been found injured by shot, which were breathing through a 
splintered wing bone when the trachea was clogged with blood. 

In respiration, as the abdominal muscles relax and the rear of the 
sternum drops down, air is drawn in through the lungs and into the ab- 
dominal air sacs. As the abdominal muscles contract and the rear of the 
keel is drawn up, air is forced out of the abdominal air sacs and on out 
through the lungs. The average respiration rate of the hen is 36 per min- 
ute and that of the male 20 per minute. 


The Circulatory System 

The circulatory systems consist of the blood and lymph circulations. 
The blood circulation is in a closed system under pressure (90 to 180 mm.) 
while the lymph circulation is a more open system with little or no pres- 
sure. The blood circulation serves for the transfer of digested food, waste 
products, oxygen, carbon dioxide, water, and hormones to and from the 
body cells. It also aids in the regulation of body temperature, the con- 
trol of body neutrality, and protection against disease. The lymph cir- 
culation bathes the cells, serves as a medium of transfer of food and waste 
products between the blood capillaries and body cells, and carries fats. 

The blood circulatory system. The blood circulatory system consists of 
the heart, arteries, capillaries, veins, and blood (Fig. 32) . 

The heart is the pump for the blood circulation. It consists of two en- 
tirely separated muscular ventricles and two thin-walled auricles. The 
heart receives the impure blood through veins leading from the head and 
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body regions. The blood is pumped through the lung circulation where 
it gives off carbon dioxide and takes in oxygen. The blood returns to the 
heart and is pumped out through the aortic arch and its arterial branches 
to all parts of the body. The heart beat or pulse rate ranges from about 
192 to 396 per minute, with an average of about 282. 

The arteries carry blood away from the heart. Pulmonary arteries carry 
blood to the lungs. The carotid arteries supply blood to the head; the 
brachial arteries supply the wings; and the dorsal aorta gives off branches 
which supply the liver, digestive tract, kidneys, and legs. Arterial blood 
is a brighter red than venous blood because of its increased oxygen con- 
tent. Arterial blood is also under greater pressure than venous blood. 
The average pressure in the femoral artery is 135 mm. 

The capillaries are very small blood vessels which connect arteries and 
veins. 

The veins carry blood to the heart. They are usually located close to 
the corresponding arteries and generally bear the same names. For in- 
stance, there is a brachial artery and brachial vein in the wing. Blood is 
returned to the heart from the head regions through the jugular and 
precaval veins and from the body regions through the postcaval vein. 
When birds are killed and bled for market, the jugular vein is severed at 
the point of union of the two branches at the base of the head. The knife 
blade is directed against the neck wall. Blood samples are taken for the 
pullorum agglutination test by puncturing a branch of the brachial vein. 
In caponizing birds one must use extreme care to avoid puncture of the 
postcaval vein. It passes along very close to the testes. 

The blood. The blood is the mixture of liquid and cells flowing in the 
blood circulatory system. The liquid part of the blood is called plasma. 
It carries digested food in solution to the cells, waste products from the 
cells, solutions of salts for maintaining body neutrality, hormones, and the 
blood cells. 

There are two principal kinds of cells floating in the blood, the red cells 
01 erythrocytes and the white cells or leucocytes (Fig. 33), The erythro- 
cytes are small and oval in shape with large nuclei. They carry oxygen 
from the lungs to the body cells and carbon dioxide from the body cells 
to the lungs. The oxygen and carbon dioxide are carried in the red cells 
in loose chenrical combination with an iron-containing protein, hemo- 
globin. The leucocytes are larger and fewer in number than the red cells. 
They may be subdivided into several different groups. The leucocytes 
help to protect the body against disease; in case of an infection the leuco- 
cyte count in the blood increases. 

The blood constitutes about 5 per cent of the empty live weight of the 
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Fig. 33. Blood cells from a normal and leucemic fowl: a, erythrocyte; b, erythroblast; c, 
lymphocyte; d, polymorphonuclear leucocyte. Magnified 1350 X. (Illinois Station Circular 
467.) 


fowl. It consists of about 75 per cent water and 25 per cent solids. The 
blood contains from 2,000,000 to 4,000,000 red cells and 15,000 to 35,000 
white cells per cubic millimeter. The plasma contains a substance, fibrino- 
gen, which is essential for blood clotting. The blood of the fowl clots 
quickly. The liquid which separates from the clot is known as serum. 
It is used in. making the tube agglutination test for pullorum disease 
(Chapter Eleven) . 

The^lymph circulatory system. The lymph circulatory system consists 
of the lymph vessels, the white cell-forming organs, and the lymph. The 
lymph capillaries collect the lymph fluid and pour it into the lymph veins, 
and these in turn, carry it to the large veins adjacent to the heart. The 
lymph vessels in birds are numerous. The lymph glands are few. Thej 
may be seen in the anterior breast and the neck region, and sometimes in 
the wings. 

The Urinary System 

The urinary system is closely related to the reproductive system, as in 
mammals. It serves for the elimination of body waste products which are 
chiefly protein in nature. The chicken does not have a urinary bladder. 
It excretes very little liquid urine. 

The urinary system consists of the kidneys and ureters (Fig. 34). The 
Xtineys are large three-lobed, soft, brown organs attached to the vertebral 
column just back of the lungs. Many small blood vessels course the kid- 
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Fig. 34. The urinary and reproductive systems of the fowl: male, left; and female, right. 
T, testes; K — 1, 2, and 3, lobes of the kidneys; V.D, vas deferens; U, ureters; V.S, seminal 
vesicle; CL, cloaca; OV, ovary; F.T, funnel of oviduct; OVD, oviduct; M.OVD, uterus of the 
oviduct; UR, ureters; R.R.OVD, rudimentary right oviduct; OP.UR, opening of the right ureter; 
OP.OVD, opening of the oviduct; CL, cloaca. 

neys. Protein waste products and water (forming the urine) filter through 
the walls of the blood vessels into the collecting tubules of the kidneys. 
The are the urinary tubes leading from the kidneys to the cloaca. 

A single tube leads from each kidney. 

-fr:The.Lurine passed from the kidneys to the ureters daily by the normal- 
sizedc fowl amounts to 700 to 800 cc. As it passes along through the 
ureters, iim the region ^o the large intestine, much of the water is reab- 
sorbed into the body circulation. The urine passes from the ureters into 
the cloaca and becomes mixed with the fecal material deposited from the 
large intestine. The urine and fecal material are eliminated together from 
the cloaca: i The urine, which is.' chrefiy uric acid, is the white pasty ma- 
terial seen on the droppings, ^ v ^ 
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The Reproductive System 

The male reproductive sys- 
tem. The male reproductive 
system produces male reproduc- 
tive cells (spermatozoa), intro- 
duces them into the oviduct of 
the female for fertilization of 
the egg, and produces a hor- 
mone which influences sex 
characters. 

The male reproductive system 
consists of the testes, vas defer- 
ens, and papillae or rudimen- 
tary copulatory organs (Fig. 
35) . The testes are two small 
ovoid organs situated at the an- 
terior end of the kidneys in the 
dorsal body wall. Some of the cells pro- 
duced in the testes differentiate into gam- 
etes or reproductive cells. They enter the 
seminiferous tubules and are carried out of 
the testes by the seminal fluid, which is also 
produced in the testes. The spermatozoon 
is a long, slender, motile cell 
with a head which contains the 
nucleus, a neck, and a tail (Fig. 
35). Millions of these cells are 
produced and expelled in the 
seminal fluid. The vas deferens are the two tubes pursuing a wavy course 
from the testes to the cloaca. They convey the spermatozoa and seminal 
fluid from the testes to the cloaca. The papillae or rudimentary copulatory 
organs are located in the cloacal wall. The vas deferens open on the sum- 
mit of the papillae. During the process of mating, the spermatozoa are 
introduced by the papillae into the oviduct opening in the cloacal wall of 
the female. 

The testes are sometimes removed from cockerels if they are to be 
raised to maturity for meat. This process is known as caponizing. Capon 
meat is more tender and of better quality than that from old cockerels. 
Gaponized birds lose some of their characteristic sex characters (Fig. 39). 

The female reproductive system. The female reproductive system dif- 
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Fig. 35. The male reproductive and urinary sys- 
tems; T., testis; V.d., vas deferens; K, kidney; Ur., 
ureter; CL, cloaca; H, head of reproductive cell 
or sperm; T, tail of sperm. 
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Fig. 36. The female reproductive system and a portion of the intestinal tract. 

fers greatly from that of mammals. The reproductive cell, also known as 
a gamete, ovum, or egg, is an article of fooi It is large because it is en- 
closed with a food supply for embryo development. Most of the de- 
velopment of the bird embryo takes place outside of the body (Chapter 

Six). _ 

The reproductive system of the female consists of the ovary and oviduct 
(Fig. 36). At hatching time the female chick has two ovaries and two 
oviducts. The right ovary and oviduct soon degenerate. The left ovary 
and oviduct develop as the bird grows. The ovary appears as a cluster of 
tiny gray yolks or ova situated at the anterior end of the left kidney and 
attached to the dorsal body wall. When a bird reaches sexual matufity, 
or comes into production, some of the ova develop to mature yolks. The 
yolk ruptures the membrane or follicle which holds it and falls into the 
funnel of the oviduct. This process is known as ovulation. The ovary 
also secretes a hormone which influences sex characteristics. The oviduct 
is a long glandular tube leading from the ovary to the cloaca. It consists 
of five parts; the funnel or infundibulum, which receives the yolk; the 
which secretes the thick albumen or white; the isthmus, 
adds the shell membranes; the uterus, secretes the thin white, the 

shell, and the shell pigment; and vagina, which holds the egg until 
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it is laid. Details of the formation of the 
egg are given on pages 75-78. The egg 
passes from the oviduct to the cloaca and 
then out of the body through the vent at 
the time of laying. 

Abnormal conditions of the reproduc- 
tive system are very common. The ovary 
may contain abnormally shaped and col- 
ored ova as a result of pullorum infection 
(Fig. 142) or tumors. The oviduct is 
easily ruptured and may pass out ’with the 
egg or permit eggs to fall into the body 
cavity. 

The Nervous System 

The fowl has a highly developed nerv- 
ous system with a keen sense of sight, 
hearing, touch, taste, and smell. The 
nervous system is often called the master 
tissue of the body because it controls body 
activities. It receives messages from the 
outer world through its sense organs, ad- 
justs the body to its environment by con- 
trolled movements, and harmonizes the 
vital activities. 

The nervous system (Fig. 37) consists 
of the brain, spinal cord, branches lead- 
ing to the sense organs, and sympathetic 
nerves, which control the viscera. It may 
i xL be compared to a telephone system with 

rig. 37. The nervous system of the ^ r i i 

fowl: c.H, cerebral hemispheres of the the sense Organs of sight, hearing, touch, 

brain; o.L, optic^ lobes; CB, cerebellum; i-^ste, and Smell as telephones; the nerve 
SP.C, spinal cord; SP.N, spinal nerves; ^ . 

SY.N. sympathetic nervous system; BR.p, fibers as wkes; and the brain as the 

brachial plexus fo wing; S.R, rhon,- switchboard, 
boidal sinus; LPL, lumbar plexus of 

nerves uniting to form the sciatic nerve The central lierVOllS System. Tht brain 

(Fig. 38) consists of three principal parts : 
the cerebral hemispheres, the cerebellum, and the medulla oblongata. The 
XyNO cerebral hemispheres constitute the front and most conspicuous part 
of the brain. The olfactory nerves from the nose extend to the cerebral 
hemispheres. The elongated oval cerebellum lies upon the medulla ob- 
longata and extends forward to the cerebral hemispheres. IDxt medulla 
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oblongata is the 
back part o£ the 
brain which is con- 
tinuous with the 
spinal cord. Most 
o£ the cranial nerves 
take origin £rom it. 

The medulla ob- 
longata is severed 
or crushed in de- 
braining birds £or 
dry picking. This 
releases the muscu- 
lar tension on the 
feathers. 

The spinal cord is the main trunk line of the nervous system, extending 
from the brain to the body trunk. It sends out branches to the wings, 
legs, and peripheral nerves of the skin, and connects with the sympathetic 
nerves, which control the viscera. 

Vitamin deficiency results in nerve degeneration and certain forms of 
paralysis. In neurolymphomatosis the nerves may be swollen and have a 
yellowish color instead of the characteristic gray appearance. Poisons or 
toxins result in nerve paralysis and a lack df muscle control. This is the 
cause of “limberneck” in chickens. 

The sense organs. The eye of the bird is relatively large and lodged in 
a bony orbit. It is used for transforming light waves in visual perception. 
The optic nerve leads from the brain to the eye. The details of the struc- 
ture of the eye and nerve action in visual perception are beyond the scope 
of this book. It is interesting to note that the eye has a third eyelid in the 
form of a thin membrane, the nictitating membrane, which can be drawn 
quickly over the eye. It operates somewhat like the lens shutter of a 
camera. When not in use, the membrane is mainly concealed within the 
medial angle of the eye. The normal color of the eye in most breeds of 
chickens is a reddish-bay. In some forms of the disease known as leucosis, 
the color becomes pearl-gray. Toxins resulting from tapeworm infesta- 
tion and Other troubles may cause blindness. 

The ear of a bird does not form any external appendage to the head as 
in mammals. An opening surrounded by a fringe of feathers leads into 
a canal which ends at the tympanic membrane. The inner ear contains 
the essential parts of the organ of hearing. It is imbedded in the temporal 
Done, The ear system serves for the transformation of sound waves into 
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Fig. 38. A sideview of the brain of the fowl: CB^ cerebrum; 
OL.L, olfactory lobe; O.N, optic nerve; PIT, pituitary body; OP.L, 
optic lobe; MO, medulla oblongata; N, nerve issuing from spinal 
cord (SC); CBL, cerebellum. 


72 


POULTRY 


nerve impulses and for maintaining body equilibrium. The auditory 
nerve leads from the brain to the ear. 

liYit nose serves not only for respiration but also for the sense of smell. 
Olfactory nerves lead from the brain to the membranes in the walls of the 
nasal passages. 

The Regulatory System 

The regulatory system is composed of endocrine glands. The glands 
secrete substances, known as hormones, into the blood stream. These 
chemical substances are carried to other organs of the body and exert a 
profound influence on their activities. 

The testes (Fig. 35) secrete a hormone which is responsible for the 
marked difference between males and capons. When a cockerel is capon- 
ized, the comb and wattles fail to develop normally and the hackle, saddle, 
and tail feathers grow longer than in normal males (Fig. 39) . If a normal 
testis is grafted into a- capon it recovers its normal male characteristics. 
The same effects are produced by the injection of the male hormone extract 
or one of the synthetic products, such as androsterone. Male sex hormone 
products are essayed for strength by testing their ability to produce comb 
growth in capons. The male sex hormone is responsible for a higher red 
blood cell count in males than females. It may also be responsible for the 
higher metabolism in males than females. 

The ovary (Fig. 36) produces a hormone which helps to differentiate 
the two sexes. The female hormone exerts an inhibitory effect on the de- 
velopment of the secondary sex characteristics. If the ovary is completely 
removed from a female, the bird has a tendency to develop male plumage 
and sex characteristics. The injection of female hormone extract into 
some capons causes them to take on the plumage color characteristic of 
the female rather than that of the male. 

Tumor growths and other abnormalities may impair the testes or ovary 
to such an extent that the bird gradually loses its normal sex characteristics 
and assumes more of the characteristics of the opposite sex. 

The adrenals are small oval or elongated yellowish bodies located on the 
dorsal body wall just in front of the kidneys. One of the adrenal hormones 
is adrenalin, which influences carbohydrate metabolism and regulates 
blood pressure. The adrenal glands are also believed to influence sex- 
gland activity. 

"Vm pancreas functions as an endocrine gland as well as an accessory 
organ of the digestive system (Fig. 29). In man it secretes a hormone, in- 
sulin, which regulates sugar metabolism. The pancreas probably also 
regulates sugar metabolism in the bird. 
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REPRINTED BY PERMISSION FROM “JUDGING POULTRY FOR PRODUCTION’* BY RICE, HAUL, AND MARBLE, PUBLISHED BY 
JOHN WILEY AND SONS, INC. 

Fig. 39. A Plymouth Rock cockerel on the right and a capon on the left. 

The thyroids are two small oval brown bodies a little larger than a grain 
o£ wheat located close to the jugular veins near the base o£ the neck (Fig. 
40) . They secrete a hormone known as thyroxin, which influences £eather 
growth and coloration as well as the rate o£ body metabolism. 

The 'parathyroids are small glandular bodies located close to the thyroids. 
They secrete a hormone which regulates calcium and phosphorus metabo- 
lism. Parathyroid secretion is an important £actor £or laying hens because 
o£ the large amount o£ calcium needed £or egg shell £ormation. Birds in 
production need to carry much more calcium in the blood stream than 
those out o£ production. 

The paired thymus glands occur as thin pinkish lobes along the neck 
(Fig. 40). They are large in chicks but diminish in size with the age of 
birds. The £unction o£ the thymus is unknown. It may play a part in 
growth. 

The pituitary or hypophysis is a small kidney-shaped gland located at 
the base o£ the brain (Fig. 38). It is composed o£ different kinds o£ tissue, 
each secreting a specific hormone substance. One product stimulates both 
male and female gonad activity. Artificial lights increase egg production 
by stimulating the pituitary gland which in turns secretes a substance that 
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Fig. 40. Structures of the neck region of the fowl: 1, trachea; 2/ thymus; 3 
5 ond 7, thyroids; 6 and 8, parathyroids; 9, syrinx or voice box; 10, heart. 


, gullet; 4, crop; 
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stimulates the ovary to 
produce eggs. Use of 
lights on birds which 
have had the anterior 
lobe of the pituitary re- 
moved does not result 
in ovarian activity. 

Another pituitary hor- 
mone, prolactin, acti- 
vates the crop glands of 
pigeons and thereby pro- 
duces “pigeon milk.” It 
induces milk production 
in mammals but inhib- 
its ovarian development. 

The pineal body is a 
small round gland just 
back of the cerebral 
hemispheres of the 
brain. It probably se- 
cretes a hormone but its 
function is unknown. 

Formation and Struc- 
ture OF THE Egg 

A knowledge of the 
formation and structure 
of the egg is helpful for 
an understanding of fer- 
tility, embryo develop- 
ment, egg quality, and 
diseases of the female 
reproductive system. 

Yolk development. 
The ovarian tissue ap- 
pears as a cluster of tiny 
ova or yolks. Other ova, 
too small to be seen 
with the unaided eye, 
are more deeply imbed- 
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Fig. 41. The reproductive system of the female fowl. 1, 
The ovary. 2, A partly developed ovum. 3, Still larger 
ova— the lower one nearly ready to leave the ovary. 4 , The 
stigma— a region in which there are normally no blood ves- 
sels. 5, An empty follicle from which the yolk has entered 
the oviduct. 6 , Lip or margin of the funnel. 7, Opening 
or mouth of the funnel. 8, A yolk which has just entered 
the oviduct. 9 , Albumen-secreting portion of the oviduct, 
10, Albumen which is secreted around the yolk. IT, Yolk. 
T2, The germinal disc. 13, Anterior end of the isthmus, in 
which the shell membranes are formed. 14, The uterus, or 
shell gland. 15, The large intestine. 16, The abdominal 
wall, cut and laid back. 17, Anus or vent. 
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Fig, 42 , Structure of the egg. 


ded in the ovarian 
tissue. One may 
count from a few 
hundred to more 
than 3,000 ova in an 
ovary without the 
aid of a magnifying 
glass. When the 
ovary starts to func- 
tion, a few of the 
ova start to increase 
in size (Fig. 41). 
The ovum is en- 
closed in a thin 
membrane, the vi- 
telline membrane. 
The yolk and its 
vitelline membrane are in turn enclosed in a highly vascular coat of con- 
nective tissue, the follicle. As the ovum or yolk increases in size it is sus- 
pended in its follicle and held to the ovary by a slender stalk, the follicle 
stal\. 

Food material is carried to the developing ovum by the blood circulation 
in the follicle. The developing yolks increase about four mm. in diameter 
daily until the full size of about forty mm. is reached. The nucleus of the 
ovum moves to the outer edge, leaving behind it a flask-shaped mass of 
white yolk (Fig. 42). Alternate layers of dar\ and white yol\ may be de- 
posited during the period of rapid yolk development. The size of yolks 
influence the size of the finished eggs. Large yolks stimulate the albumen 
and shell glands to greater secretion. 

Ovulation. When the yolk has reached maturity, the follicle ruptures 
along a definite line, the stigma, where there are normally no blood vessels. 
The yolk falls into the funnel of the oviduct (Fig. 36) or into the body 
cavity. This process is known as ovulation. Yolks which drop into the 
body cavity, a cuplike depression formed in the angle between the ovary, 
folds of small intestine, and oviduct, are normally pushed or drawn into 
the funnel of the oviduct by the movements of the viscera and oviduct. 
If the yolks fail to get back into the oviduct the bird is known as an in- 
ternal layer. The yolks may rupture and the liquid be reabsorbed into 
the circulation, leaving an abnormal deposit of yellow solids covering the 
intestine, or the yolks may dry up, leaving masses of caked egg-yolk ma- 
terial in the body cavity. 
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Fertilization. If the hen has been mated and male sperm cells are pres- 
ent in the oviduct, fertilization takes place in the funnel region. The yolk 
remains in this region for a few minutes. Details of fertilization and the 
transmission of hereditary characters are discussed in Chapter Four. 

Embryo development in the body. The fertilized egg starts cell divi- 
sion and embryo development soon after fertilization. It continues during 
the approximate twenty-four hours that the egg remains in the body 
cavity. The germ spot or blastoderm increases in size and there is some 
change in the consistency of the white and yolk. Unless the fertile egg 
is held below 68 after it is laid, there will be further germ develop- 
ment. It is therefore desirable to produce infertile eggs at all times except 
when they are needed for hatching. The details of embryo development 
are discussed in Chapter Six. 

Addition of the thick white and chalaza. After the yolk has been en- 
gulfed by the funnel of the oviduct, it moves along with a turning motion 
through the magnum. It requires about three hours for the yolk to pass 
through this region. Here the thick white and dense ropy material 
known as the chalaza (Fig. 42) are added. The thick white has a tendency 
to adhere to the yolk when an egg is broken out. It constitutes about 50 
per cent of the total white by volume. 

Formation of the shell membranes. The yolk, surrounded with its 
thick white, passes from the magnum through a short section of the ovi- 
duct known as the isthmus. Here the two shell membranes are added 
and the shape of the egg is determined. An isthmus of large diameter 
tends to result in thick round eggs while one of small diameter tends to 
result in long slender eggs. 

Addition of thin white and the shell. The developing egg passes from 
the isthmus into the uterus, where it remains for about twenty hours. The 
thin white, largely water, passes through the shell membranes into the 
egg in the first portion of the uterus. Even before the addition of the thin 
white has been completed, the shell glands of the uterus start the secretion 
of the shell. This is largely calcium carbonate. It is carried to the uterus 
by the blood circulation. The size of the oviduct in a laying hen and its 
blood circulation are several times greater than that of a hen out of pro- 
duction. 

The pigment in brown-shelled eggs is secreted in the uterus. The cuticle 
or bloom, a moist substance noticed covering the newly laid egg, is also 
secreted in the uterus. Soon after the egg is laid the substance drys and 
tends to seal the openings in the porous shell. 

After the egg reaches the hard-shell stage in the uterus, it is possible to 
detect it by pressing on the walls of the abdomen. By handling all the 
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birds early in the morning, one can determine the hens that will lay dur- 
ing the day. 

The egg remains in the vagina for a short time after completion or un- 
til it is laid. Most eggs are laid small end first. They pass from the vagina 
into the cloaca and are expelled at once. 

Abnormal eggs. Double-yol\ed eggs result from two ova ripening at 
the same time, or one ovum being pushed back into the oviduct at the 
same time that another ovulation takes place. Eggs with double yolks 
are more common among pullets than among older birds. It takes time 
for the newly functioning ovary and oviduct to become properly adjusted 
and to work normally. 

Meat spots, seen in the white of a small per cent of eggs laid, usually re- 
sult from small hemorrhages in the ovary or oviduct. They later become 
coated by albumen. 

Blood spots may be found in some eggs. They result from the hemor- 
rhage of a small blood vessel in the ovary or oviduct. A blood spot on 
the yolk indicates a hemorrhage in the follicle at the time of ovulation. 
The follicle probably did not rupture along the stigma where there are 
normally no blood vessels (Fig. 41). If the spot is in the white of the 
egg, it indicates a hemorrhage in the wall of the oviduct. Bloody eggs 
are probably the result of more severe hemorrhages. The reproductive 
system of the female is easily ruptured when in production. Fright, high 
perches and nests, and a deficiency of vitamin K may result in an ab- 
normal number of blood spots. 

Soft-shelled eggs may result from failure of the shell glands to secrete; 
or they may result from the peristaltic constrictions becoming so violent 
as to hurry the egg through the uterus. Most shell-less eggs are probably 
laid at night. This would indicate that certain ways in which birds roost 
may cause abnormal pressure on nerves leading to the w 

Small yoll^ess eggs may result from the stimulus produced by some for- 
eign substance, such as a blood clot or piece of membrane, gaining en- 
trance to the oviduct and passing along in the sameimanner as the yolk. 
The passage of the particle will stimulate the albumen, shell membrane, 
and shell glands to secrete their particular products. ’v. 

An egg within an egg is sometimes found. After an egg has been 
formed it may be forced back up into the funnel region by reverse peri- 
staltic action. As it again traverses the oviduct, albumen, shell membranes 
and shell are added. When the egg is opened a eoinplete egg is found 
where the yolk is normally pres^^^^ 

If the reverse peristaltic action is very strong, the egg inay'-^-be 
entirely out of the oviduct into the body cavity. An acciimtiiation of eggs 
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in the body cavity causes a bird to walk like a penguin (Fig. 154) and will 
finally result in death. 

Kevietv Questions 

1. What are the structural peculiarities of birds which differentiate them 
from other vertebrates? 

2. Why are chickens more sensitive to changes in environment than other 
farm animals ? 

3. Differentiate between the skin of the domestic fowl and that of other farm 
animals. 

4. Differentiate between new and old feathers. 

5. How are feathers an aid in determining the sex of chickens? 

6. What hormones influence feather growth? 

7. In what order are the feathers on a bird molted? 

8. Compare the skeleton of the fowl with that of other farm animals. 

9. What are the functions of the skeleton? 

10. Name two bone diseases. 

11. Why is the breast meat of a wild duck dark and that of the chicken light? 

12. How do muscles produce locomotion? 

13. Explain how a bird is able to sleep in a tree or on a perch pole without 
falling off. 

14. Trace the path traveled by food through the alimentary canal. 

15. What are the accessory organs of the digestive system? 

16. What are the functions of the liver? 

17. What are the functions of the pancreas? 

18. What products from the body are passed into the cloaca? 

19. What part of the intestinal tract is acid and what part is alkaline? 

20. What part of the intestinal tract in birds corresponds to the paunch in 
ruminants? 

21. What are the functions of the air sacs in birds? 

22. How are sounds made by birds? 

23. What is the normaf respiration rate of the chicken? 

24. Which has the brighter color, arterial or venus blood? Why? 

25. How are blood samples obtained for the pullorum agglutination test? 

26. Diflerentiate between the functions of the erythrocytes and the leucocytes. 

27. What happens to the relatively large amount of liquid urine produced by 
birds? 

28. What endocrine glands are located at the anterior end of the kidneys? 

29. Differentiate between the characteristics of male and female reproductive 
oells.:, T 

'30. What changes in sex characteristics are noticed as a result of caponizing 
birds? 
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31. How may one differentiate between the vas deferens and the ureters? 

32. Describe the process of ovulation. 

33. Where does fertilization take place? 

34. Trace the formation of the egg from the time of ovulation until it is 
laid. 

35. What part of the brain should be destroyed when birds are to be dry 
picked? 

36. What are hormones? 

37. What are the functions of the pituitary body? 

38. What is the cause of blood spots in eggs? 

39. Explain the formation of double-yolked eggs. 
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CHAPTER FOUR 


Breeding Principles 


Heredity 

Heredity accounts for the fact that offspring tend to resemble their par- 
ents, Not only do the offspring hatched from a single-comb White Leg- 
horn mating resemble birds and chickens, but also the specific single-comb 
White Leghorns. A chicken is composed of many characters. Its physical 
characters, such as size, shape, type of comb, and color of plumage, are 
easily seen. Its physiological characters, such as rate of growth, early ma- 
turity, and egg production cannot be seen by looking at the individual. 
The parents transmit both physical and physiological characters to their 
offspring through their gametes (reproduction cells) . The science which 
deals with heredity and the origin of individuals is genetics. 

The Genetic Basis of Reproduction 

The cell. The component substance of living things is protoplasm. " In 
higher forms of plant and animal life it is organized into small, usually 
microscopic units called cells. The higher forms of living things consist of 
millions of cells, which vary greatly in shape, size, and composition, de- 
pending on the functions to be performed. For instance, cells range all 
the way from bacterial cells so small that it is impossible to see them even 
when magnified 1,000 times, to nerve cells more than a foot long and 
ostrich eggs weighing 45 ounces. 

The cell is a complicated structure (Fig. 43). The cM wcM is the 
boundary of the cell separating it from other cells. The light staining 
area within the cell wall is th.t cytoplasm. It contains many interesting 
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Fig, 43. Diagram of the cell and mitosis: a and h/ resting ceils; b-g, stages in cel! division; 
i and \, Ine halving of each chromosome. 


structures, but most of them are of more interest to cytologists than to 
poultrymen. The dark staining area in the cytoplasm is the nucleus. It 
varys greatly in size, shape, and structure in diflEerent cells. The nuclei 
of reproductive cells are vital for the transmission of hereditary characters. 

Continuity of germ plasm. The gametes and the cells 'which give rise 
to them constitute the germ plasm. The cells which take no direct part 
in the production of gametes are known as somatic cells. While the 
somatic cells cease to exist with the death of the individual whose body 
they constitute, the germ plasm may live on indefinitely in succeeding 
generations. 

In the higher vertebrates, including the fowl, the germ plasm of a 
single individual cannot survive by itself; there must be successful union 
of the male and female gametes. The two cells pass on all the hereditary 
characters of the parents to the new offspring. 

The quality of the germ plasm of any one individual is only half of the 
story; of equal importance is that from the opposite sex. If either gamete 
brings defective germ plasm, the body and the germ plasm of the offspring 
will suffer accordingly. 

Early history of the gametes. Even before it is possible to tell whether 
the new individual will be a male or female, certain large cells in the em- . 
bryo differentiate from their neighbors to become the primordial sex cells. 
They differentiate in the walls of the yolk sac and migrate to the develop- 
ing gonads (reproductive organs). Sexual differentiation of the embryo 
becomes observable shortly after the germ cells become established in the 
gonads. 

Development of male gametes. Part of the germ line, which migrated 
to the walls of the seminiferous tubules of the male gonads, becomes active 
when a cockerel reaches sexual maturity. These parent cells grow and di- 
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/ Gametes from Parent Generation 


Fertilized Ovurti 


cells which continue to proliferate and by 
countless cell divisions and by divergent 
epee ializat ion give rise to the body* With 
death of individual these cells cease to exist, 



gives rise to new individual. 


Cleavage Divisions and indefinite number 

of succeeding cell divisions during early 
growth of embryo 


Certain cells beoome recognizable as 

the Primordial Sex Celk 

and become established in 
the gonads of the embryo. 


Give rise to other xuiits In the gonaa 
similar to those indicated below. 


Female Embryos become sexually differentiated 


Male 


In the growing ovary of embryo 
ovigerous cords and egg neats 
are formed 


Oeg( 


lonia 



"X 


During youth odgonla 
remain quiescent* 



sexual maturity 


In some cases odgonla. 
nay bo augmented in yV 
numbers during / \ 

Very slowly and only a few 
at a time edgonia grow 


Primaiy Oocyte 


Secondarj^ 

rarely dividej 

Ootids o' _ 

Polar 

In each maturation division 
all the stored food goes to 
one cell which Is destined to 
be the ovum*The small cells 
receiving no yolk are called 
polar bodies. They never 
beoome fxinotionsl. 



Following the 
growth period of 
either spermatogonium 
or oBgonium, two 
maturation divisions 
rapidly succeed 
each other* In one 
of these divisions 
the species number 
of chromosomes is 
reduced a half. 



Mature 

Ovum 


In the growing testes of 
the embryo seminiferous 
tubules are organized* 

Spermatogonia 

During youth epermatogonia 
remain relatively inactive* 


During sexual activity 
spensatogonia augment 
their numbers hy 
active division. 

) 

Any spermatogonium nay 
at any time cease dividing 
temporarily and grow into a 

Primary Spermatocyte 

which by first maturation 
division forms 

Two Spermatocytes 

second maturation division 

Four Spermatids 

Without further divisions 
the spermatids beoome 
differentiated into 



Spermia 


Fertilization of ovum- by spermlum initiates 
development of new individual of filial generation. 

(Species number of chromosomes restored*) 

FROM “EARLY EMBRYOLOGY OF THE CHICK” BY B. M. PATTEN, BY PERMISSION OF THE BLAKISTON CO . , PU BLISHERS 

Fig. 44. Chart outlining, for one generation, the history of the gametes and the germ plasma 
from which they are derived. 


vide (undergo mitosis) (Fig, 43) to form new cells. Part of the new cells 
remain like the parent cells and take the place of others which grow, 
undergo maturation division (Fig. 44), and differentiate into slender 
mature spermatozoa (mzlc gametes). 
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The nuclear material collects in the head of 
the male gamete. The flagella-like tail makes 
its appearance in the protoplasm and grows far 
beyond the original confines of the cell. Thus, 
a mature male gamete is a cell consisting essen- 
tially of a very compact nucleus provided with 
a flagellum which gives it the power of locomo- 
tion in a fluid medium. 

Development of female gametes. In the 
growing ovary of the embryo, the female germ 
cells grow and divide much the same as the male 
germ cells grow and divide in the testes. In the mature pullet the develop- 
ment of ova (female gametes) is different from the development of sper- 
matozoa in the mature male because of the amount of food stored as yolk 
in the cells. The food material, destined to be used by the embryo in its 
growth, is gradually accumulated in the ovum before it is liberated from 
the ovary (Fig. 41). The assimilation of yolk requires about ten days. As 
the yolk accumulates, the nucleus- and the cell cytoplasm are forced toward 
the surface. This becomes the germ spot (blastoderm) on the yolk of the 
egg (Fig- 42). 

About the time of ovulation, the cell undergoes two maturation divisions 
(Fig. 44), The yolk material does not divide. Therefore, one of the new 
cells has all the yolk and the other has none. The one without yolk de- 
generates. The one with the yolk is the mature gamete ready for fertiliza- 
tion. 

Significance of chromosomes in heredity. When a resting cell (Fig. 43) 
starts to grow and divide, the dark-staining chromatin particles in the 
nucleus arrange themselves in one or more long, deeply stained threads 
(Fig. 43, b). The threads break up into pairs of dark-staining segments of 
different shapes and sizes. These pairs of segments are the chromosomes. 
The number and shape of chromosomes are constant for a given species of 
animal. The nucleus of the chicken male gamete contains thirty-six 
chromosomes and that of the female thirty-five (Fig. 45). The chromo- 
somes arrange themselves about the equatorial plate between the two poles 
of the cell and then split lengthwise (Fig. 43, d). When the cell divides, 
each new cell contains the same kind and number of chromosomes as the 
parent cell (Fig. 43, f). 

In one of the last cell divisions, before mature gametes are formed, the 
chromosomes do not split lengthwise but are redistributed instead. Half 
of them go into one of the new cells and half to the other. This is some- 
times referred to as maturation or reduction division. The distribution of 



Fig. 45. The chromosomes 
of the fowl. (After Hance.) 
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the chromosomes in the new cells is a matter of chance. Thus, in the 
words of Patten,^ 

In the game of life, the maturation processes virtually shuffle the hereditary 
pack and deal out half a hand to each gamete. A full hand is obtained by 
drawing a partner from the “board” — ^by combining with some other gamete 
of the opposite sex. Hence, offspring resemble their parents because they play 
the game of life with the same kind of cards, but not, however, with the same 
hands. The minor differences in offspring, or the variations from the standard 
type that always go with these basic resemblances, are due to variations in the 
distribution of genes during maturation. 

There are several sources of evidence which indicate that the hereditary 
characters are carried by the chromosomes: (1) The male and female 
gametes are the only things directly involved in the formation of a new 
individual. (2) The nuclei of the male and female gametes are the only 
parts of the gametes that are directly concerned with fertilization, and 
the start of a new individual. (3) The chromosomes are the only things 
that are alike in the male and female gamete nuclei, and it is known 
that both parents contribute equally to the characters, of the offspring. 
(4) There is one more chromosome in a male gamete than in a female 
gamete. It will be seen (p. 88) that a difference of one chromosome ac- 
counts for the difference between a male and a female chicken. (5) Some- 
times the shape of one of the chromosomes of an animal is seen to be dif- 
ferent from the chromosomes of its parents when that animal differs from 
them in a certain character. It therefore may be assumed that this par- 
ticular chromosome carries the determining hereditary factor for the new 
character. The work of mapping the chromosomes and tying up specific 
hereditary traits with them is a relatively new and interesting field for 
study. 

Fertilization. The sperm ducts in the testes produce a fluid, the semen, 
in which the spermatozoa are carried. The semen and its spermatozoa are 
deposited in the oviduct at the time of mating. The spermatozoa are very 
motile and work their way to the anterior end of the oviduct, where the 
ovum is waiting to be fertilized. 

Once the swarm of spermatozoa reach the neighborhood of the ovum, 
they tend to remain there, held by some chemical interaction which is not 
fully understood. A cone of ovum cytoplasm rises up to meet one of the 
sperm cells and draws it into the ovum. Once a sperm has penetrated the 
ovum, the surface covering appears to undergo a chemical change and 
thickening which keeps out other sperm cells. 

B. M, Patten, 
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The tail of the sperm cell drops oif when it enters the ovum. There 
are now two nuclei in the ovum, one carrying the maturation division 
number of chromosomes (seventeen or eighteen) from the female parent, 
and the other carrying eighteen chromosomes from the male. The ferti- 
lized egg now carries the same number of chromosomes (thirty-five or 
thirty-six) as a cell from one or the other of its parents. The fertilized 
ovum is known as zygote. It is now ready to undergo cell growth, 
mitosis, differentiation, and development into a new individual. For de- 
tails of embryo development, refer to Chapter Six. 

The Inheritance of Sex 

I Sex chromosomes. The chromosomes are of two kinds. Those dealing 

with sex are known as Z or sex chromosomes, and all the others are auto- 
I somes. The male zygote contains seventeen pairs of autosomes and one 

I pair of sex chromosomes (Fig. 46). The female zygote contains the same 

number of autosomes, but only one sex chromosome. When maturation 
division takes place, one chromosome of each pair goes into the mature 
gamete, so that each mature male gamete contains seventeen autosomes 
and one sex chromosome. The mature female gametes contain seventeen 
autosomes, with half of them containing a sex chromosome, and the re- 
( mainder containing none. If a male gamete fertilizes a female gamete 

I which contains a sex chromosome, the resulting zygote will contain two 

sex chromosomes and will, therefore, develop into a male. On the other 
hand, if the male gamete fertilizes one of the female gametes which does 
not contain a sex chromosome, the resulting zygote will contain only one 
sex chromosome and will develop into a female. When large numbers 
of fertilizations are considered, one should expect as many males as fe- 
j males among the offspring. 

: Sex-linked inheritance. An individual is equal to the total of its char- 

acters. Since there are more characters that make up a bird than there 
are chromosomes in each of its cells, each chromosome must carry more 
than one character. The unit for a character is known as a gene. One 
might compare each chromosome to a string of beads and each bead on 
the string to a gene. The characters (genes) carried on the Z or sex 
chromosomes are known as sex-linked characters. 

Sex-linked characters are transmitted from the dam to her sons but not 
to her daughters, although these same characters are transmitted from the 
iire to his sons and daughters alike (Fig. 46). The results of mating 
a Barred Plymouth Rock hen and a Rhode Island Red male may be 
used to illustrate sex linkage. The male offspring from such a mating 
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Barred Plymouth Rock 
X Female 


Zygotes 


Gametes f 17+ Zb 


ZygotesI 



Barred 

Male 


Barred 

Male 


Non barred Non barred 
Female Female 


are barred and the 
females are black 
(Fig, 46) . When the 
Barred Plymouth 
Rock female’s gam- 
etes containing the 
sex chromosomes 
unite with those 
from the male’s, 
which also contain 
the sex chromo- 
somes, zygotes re- 
sult which contain 
two sex chromo- 
somes. These un- 
ions result in males 
with barring. The 
female’s gametes 
without the sex 
chromosomes, upon 
uniting with the 
male gametes, result 

in zygotes with only one sex chromosome. These unions result in black 
females. Barring is therefore a sex-linked gene, two sex chromosomes in 
an individual resulting in barring and one sex chromosome resulting in 
the absence of it. Other sex-linked characters of practical importance are 
broodiness, slow feathering, and early maturity. 

Sex-linked matings for the determination of sex at hatching time. The 
knowledge of sex linkage can be used in mating birds so that the sex of 
the chicks can be determined at hatching time by the down patterns. If 
Barred Plymouth Rock females are mated with Buff Plymouth Rock, 
Rhode Island Red, or White Wyandotte males, the male offspring will be 
black on top of the body with a white spot on the head and yellow shanks 
and beak. The females will be solid black on top of the body with dark 
shanks and beak. 

If males of the Mediterranean class are mated with females of the 
American, English, and Asiatic classes, the female day-old chicks will have 
well-developed wing feathers (Fig. 47) . The males will have veiry short 
wing feathers or else none. 

Rhode Island Red and White Leghorn strains are now available which 
carry the sex-linked factor for slow feathering. At hatching time it is 
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Fig. 46. A diagram illustrating the inheritance of sex and the 
sex-linked character for barring. The Rhode island Red male 
has 17 pairs of autosomes and 2 sex chromosomes/ designated 
Z, associated with each of which is the gene b for non-barring. 
The Barred Plymouth Rock female has 17 pairs of autosomes 
but only one sex chromosome Z, associated with which is the sex- 
linked gene B for barring, which Is dominant to non-barring. 
The male progeny are barred, whereas the female progeny are 
non-barred. 
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Fig. 47. Flight feather development in day-old male and female chicks from crossing a White 
Leghorn male with a Rhode Island Red female. Note the well-developed flight feather of the 
female (right) and the very short flight feathers of the male (left). 

possible to determine the sex of the chicks from either of these strains by 
wing feathers, as noted above. The same thing should be possible with 
any breed or variety. 

The sexes of Barred Plymouth Rock chicks can be determined with 90 
to 95 per cent accuracy by the down color on the top of the head of the 
chicks and by shank color. The cockerel head spot is irregular in outline 
and scattered in appearance. The color of the shank is lighter than that of 
the female and blends with that of the foot. The pullet head spot is more 
regular in outline and does not exhibit the scattered appearance present 
in the cockerel head spot. The pullet shank is usually black or dark 
amber in color. The dark color in the typical female chick terminates 
abruptly at the base of the shank or a short distance out on the toes and 
the remainder is lighter in color. 

The Inheritance of Characters 

Mendelism. The discovery of the law governing the inheritance of a 
pair of characters was made by Gregor Mendel and published in 1865. 
Mendelism simply means the biological theory of heredity first formulated 
by Mendel. He also discovered that every pair of characters is inherited 
independently of every other pair. Mendel worked with hereditary char- 
acters of various kinds of garden peas, but the principles he discovered are 
of universal application to both plants and animals. 
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Fig. 48. Inheritance of a pair of characters. When a rose-comb (R) female is crossed with a 
single-comb (r) male, the first generation birds have rose comb (dominant character). When 
the Fi birds are mated among themselves, about 75 per cent of the Fa generation will have 
rose combs and the remainder will have single combs. 

The inheritance of a pair of characters. The mating of a White Wyan- 
dotte hen and a White Plymouth Rock male may be taken as an example 
(Fig. 48). Wyandottes have rose combs and Plymouth Rocks have single 
combs. One may designate the gene for rose comb by R and that for 
single comb by r. The gametes from the pure hens will carry the factor R 
for rose comb and those from the pure male will carry the factor r for 
single comb. When the birds are mated, the offspring, or Fi generation, 
will all have rose combs. When two different characters are mated, the 
one that appears in the offspring is dominant. The one that does not ap- 
pear is In this case, rose comb is dominant to single comb, or 

single comb is recessive to rose comb. 

Part of the gametes from the Fi generation will carry the factor R and 
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Fig. 49. Diagram showing the transmission of two independent simple characters from genera- 
tion to generation. 

the others will carry r. I£ birds of the Fi generation are mated among 
themselves, part of their offspring will have rose combs and part will have 
single combs. The ratio will be about three rose combs for each single 
comb. If an R gamete from one sex unites with an R gamete from the 
other sex, the resulting zygote will carry the factor RR which is pure for 
rose comb. If an R gamete of one sex unites with an r gamete from the 
opposite sex, the resulting zygote will carry the factor Rr. Since R is 
dominant to r, the offspring will have rose comb, but it will be impure. 
If an r gamete from one sex unites with an r . gamete from the opposite 
sex, the resulting zygote will carry the factor rr, which is pure for single 
comb. The birds RR and rr homozygous; that is, they are pure for 
the comb character. The birds Rr are heterozygous; that is, they are im- 
pure for the comb characters. The ratio of rose-comb birds to single-comb 
birds as they appear in the F3 generation is three to one. This is the 
phenotype ratio. The ratio with reference to purity for comb character is 
1:2:1. This is th.t genotype xzXxo. 

Inheritance of two pairs of characters. The crossing of a Black 
Wyandotte with a White Plymouth Rock may be used to illustrate the in- 
heritance of two pairs of characters. 

It is customary to designate dominant characters by capital letters and 
recessive characters by small letters. Rose comb (R) is dominant to single 
comb (r), and black (B) is dominant to white (b). The Fi generation 
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produces four kinds of gametes (Fig. 49) instead of only two^ as in the 
inheritance of one pair of characters. Since four kinds of gametes are 
produced by each sex, the possibilities for the segregation and recombina- 
tion of the characters is four times as great as in the case when only two 
kinds of gametes are formed. The F 2 zygote ratios then become 9 rose- 
comb black, 3 rose-comb white, 3 single-comb black, and 1 single-comb 
white, or 9:3:3:1. If comb alone is considered, there are 12 rose combs 
and 3 single combs, a 3:1 ratio. If color alone is considered, there are 12 
blacks and 4 whites, or a 3:1 ratio. These ratios are what would be ex- 
pected when two pairs of characters are inherited independently of each 
other. Of the sixteen zygotes formed, one is homozygous for rose comb 
and black color, and one is homozygous for both single comb and white 
color. These zygotes are different from those of the original parents and 
of the Fi generation and could have been produced only through the 
random assortment of the chromosomes. 

The inheritance of several pairs of characters. When more than two 
pairs of characters are involved and the different genes producing the 
characters are on different chromosomes, the segregation and assortment 
of characters behave in the same way as the inheritance of one or two 
pairs of characters. The number of different kinds of gametes formed 
by the Fi generation is doubled with each additional character involved. 
On the other hand, for each additional character involved there is an in- 
crease by four in the number of F 2 individuals required to secure the ap- 
pearance of the various combinations of characters resulting from the 
chance combination of the different kinds of Fi gametes. (Table 6). 

Table 6 


INFLUENCE OF THE NUMBER OF CHARACTERS INVOLVED ON THE 
NUMBER OF F 2 INDIVIDUALS NECESSARY THAT ONE MAY 
BE HOMOZYGOUS FOR ALL OF THEM 


Number of Pairs 
of Characters 

Number of Different Fi 
Gametes Formed 

Number of F 2 Individuals Re- 
quired to Secure One Homo- 
! zygous for All the Characters 

1 

2 

4 

2 

4 

16 

■ '.3'" 

8 

64 

. 4 

16 

256 


Dominant and recessive characters. Some of the characters whose in- 
heritance has been determined are listed in Table 7, Most of them are 
simple characters. A few are more complicated than they appear in the 
table. White in the White Leghorn, for instance, is incompletely domL 
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SOME DOMINANT AND RECESSIVE CHARACTERS IN CHICKENS 


Character 

Dominant or Recessive 

Sex-Linked 

White plumage 

In White Leghorns, dominant to color 

In Plymouth Rocks and Wyandottes, re- 
cessive to color 


Black plumage 

Dominant to recessive white 


Buff plumage 

Dominant to recessive white 


Barred plumage 

In Plymouth Rocks, dominant to nonbar- 
ring 

Yes 

White skin and shank color. . 

Dominant to yellow skin and shank color 


Rose comb 

Dominant to single comb 


Side sprigs 

Dominant to normal comb 


Feathered shanks 

Dominant to nonfeathered shanks 

1 

Close feathering ! 

Dominant to loose feathering 


Slow feathering ^ 

Dominant to rapid feathering 

Yes 

Early sexual maturity 

Dominant to late sexual maturity 

Yes 

Broodiness 

Dominant to nonbroodiness 

Yes 

Winter pause 

Dominant to continuous laying 



nant to colored plumage. I£ a White Leghorn is mated to a colored bird, 
the Fi generation will all be white but some of the birds will have black 
flecks in a few of the feathers. The dominance of white in the Leghorn 
is due to the presence of a gene which inhibits color; otherwise the bird 
would be barred, for it carries genes for barring, color, and black pigment. 

It is interesting to note that white is not always dominant. It depends 
on the breed. While white is dominant to color in the Leghorn, it is re- 
cessive to color in the Wyandotte and Plymouth Rock. 

The inheritance of about fifty characters has been determined to date. 
With some characters the determination of their Mendelian inheritance 
is slow because many genes are involved. Furthermore, the expression 
of characters may be influenced by environment, hormones, feeding, and 
management practices. For instance, a bird may have inherited the genes 
for high egg production but may not lay well because it is fed a poor ration. 
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Testing for purity of characters. An impure dominant character may 
be carried in a flock for generations without being detected, if matings are 
made with birds which are pure for the dominant gene. The impurity 
may crop out unexpectedly when two impure individuals are mated. 

Some White Wyandotte flocks produce a few single-comb chicks. This 
indicates a single-comb impurity in the flock, as Wyar^dottes have rose 
combs. Since rose comb is dominant to single comb, the birds that appear 
with single comb are homozygous for this character. They should be 
culled out. Part of the rose-comb birds in the flock will be homozygous 
and part will be heterozygous. To test for impurity, mate each bird with 
a pure single-comb bird and hatch about a dozen chicks. If no single- 
comb chicks appear in the lot, the rose-comb bird was pure for this 
character. 

A general rule that may be applied for testing genetic constitution is to 
mate the bird to be tested with one that carries the pure recessive char- 
acter. If none of the offspring show the recessive character, the animal 
was pure for the dominant character. 

Modifications of Mendelian Inheritance 

Linked genes. Some characters possessed by a bird in an original cross 
may be carried on into the F 2 generation. They do not follow the Mende- 
lian laws of inheritance. The genes giving rise to these characters are said 
to be linked together on the same chromosome. The genes for single 
comb and short legs (creeper condition) exhibit linkage. The opposite 
linkage is crossing over. Here there is an interchange of parts of the same 
pair of chromosomes. The practical significance of linkage and crossing 
over in poultry breeding work is yet to be demonstrated. 

Lethal genes. Recent studies have shown that certain genes, when in 
pure homozygous condition, kill the chick embryo. An example is the 
cross between creeper and normal chickens. The creeper condition is a 
dominant factor. The F 2 generation should give 3 creepers to 1 normal 
chicken. Instead, there are 2 creepers for each normal bird. The pure 
homozygous individual dies in the embryonic state. Sticky embryos are 
recessive to normal. The ‘‘sticky” character is lethal when homozygous. 

Complementary genes. The normal 9:3:3;1 ratio for the inheritance of 
two pairs of characters is sometimes changed by different genes produc- 
ing like effects or having complementary effects. The mating of White 
Silkies and White Dorkings may be used for illustration. The Fi genera- 
tion is colored. The F 2 generation shows 9 colored for every 7 white 
birds. The last three groups of the usual 9:3:3 :1 series cannot be dis- 
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tinguished by appearance because an individual containing only one of the 
dominant genes, whether in homozygous or heterozygous form, looks 
exactly like an individual that carries neither of them, 

, Mutations. A new character may appear unexpectedly in one genera- 
tion and be transmitted through inheritance to succeeding generations. 
The new character is called a “sport” or a “mutation.” It is brought about 
by a change in a gene. The White Plymouth Rock originated as a “sport” 
from the barred variety. 

Complex characters. Not all characters are due to single genes. For 
instance, laying performance is a complex character in which several genes 
are involved. Genetically, the number of eggs a bird will lay depends on 
such characters as early maturity, intensity, persistency, and nonbroodiness. 
These and other characters will be discussed in the following chapter. 


'Keview Questions 

1. Differentiate between the physical and physiological characters of a 
chicken. 

2. What are the principal parts of a cell? 

3. What are gametes? 

4. Where are hereditary characters carried in gametes? 

5. Differentiate between ordinary mitosis and reduction or maturation divi- 
sion of gametes. 

6. What are some of the proofs that hereditary characters are carried in the 
chromosomes ? 

7. Explain the process of fertilization or the formation of a zygote. 

8. Differentiate between autosomes and sex chromosomes. 

9. What is a gene? 

10. What are sex-linked characters? 

11. What use is made of sex-linked matings? 

12. Differentiate between dominant and recessive characters. 

13. List some dominant and recessive characters of practical significance. 

14. List some sex-linked characters of practical significance. 

15. How would one test for impurity of a character in a flock of birds? 

16. Name some lethal genes, 

17. What is a mutation or sport? 

18. What is Mendelism? 

19. Why is it difficult to breed for more than one or two characters at a time.? 

20. Differentiate between the functions of autosomes and sex chromosomes. 

21. Why are there often marked variations among offspring from the same 
parents? 
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22, The female transmits sex-linked characters to which sex of her offspring? 
Explain. 

23. Is the same character dominant in all breeds? Give an example. 
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CHAPTER FIVE 
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Breeding Practices 


I Poultry-breeding work during the period 1860--1910 was largely con- 

t cerned with the development of new breeds and varieties. That the work 

was quite successful is evidenced by the many classes, breeds, and varieties 
of chickens (Chapter Two). Since about 1910, interest in poultry-breed- 
ing work has centered around the improvement of poultry for meat and 
egg production purposes. Birds with a first-year production of three 
hundred eggs are now as common as two-hundred-egg birds were thirty 
years ago. Yet, in the light of newer knowledge of breeding methods, it 
appears that poultry breeders are merely on the threshold of the possi- 
bilities that lie ahead. There is a need for a larger number of breeders 
more thoroughly informed concerning the fundamental factors involved 
] in the selection of breeding stock for the development of superior strains. 

Selection of Breeding Stock 

Selection of males and hens for the breeding flock is more of a prob- 
lem than is generally believed. Like individuals do not always beget like 
individuals, as shown in the preceding chapter. Physical characters, such 
I as size, shape, and color, may be seen and judged by looking at the indi- 

I vidual. Physiological characters, such as livability, egg production, and 

i hatchability, cannot be seen and measured by looking at the bird. 

; Selection of breeding stock should be based on the laws of hereditary 

transmission of characters. Attempts should be made to segregate in- 
dividuals pure for desirable genes, and then assemble in new individuals 
desirable combinations of genes by proper mating. Information regarding 
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thllfft). high vitality (on the right) and one vrith low vitality (on 

a bird’s genetic makeup may be obtained from the individual, its ancestry, 
Its sibs. Its reproductive performance, and its progeny. The latter two 
are by far the most important. Much more emphasis should also be placed 
on the selection of males than females, because each male is mated with 
from ten to twenty females and produces several times as many offspring. 

Selection of individuals. The first step in poultry-breeding work is the 
selection of males and females to be used as breeders. The selection should 
be based on (1) vigor, (2) breed and varietal characteristics, and (3) pro- 
duction characteristics. 

Vigor. Good health or vigor is the first prerequisite for a bird that is 
to be used in the breeding pen. It is shown by behavior and body char- 
acteristics (Fig. 50). The contrasts in characters, as shown by birds with 
good and poor vigor, are summarized in Table 8. 

Birds with good vigor are interested in things going on around them and 
are active. They walk, run, fly, forage, scratch, sing, cackle or crow, and 
ffiow sex interest. It was observed at Cornell University that a group of 
five males with good vigor mated 132 times with hens during twenty 
hours of observation, while a similar number of average vitality mated 64 
times, and the group with low vitality only 39 times. Birds with low 
vitehty have just the opposite behavior traits of those with good vitafity. 
Birds with good vigor have a broad, long, deep body, with a good 
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capacity for handling feed and manufacturing eggs (Fig. 51). Other 
things being, equal, birds with good, compact body size are better able to 
withstand long, intensive egg production than birds with small body size. 

Table 8 


VIGOR CHARACTERISTICS OF BREEDING BIRDS 



Good Vigor 

Poor Vigor 

Character Behavior 



Activity 

Very active 

Inactive, tired 

Attitude 

Alert 

Drowsy 

Voice 

Crow or cackle and sing 

Quiet 

Sex interest 

Gallant or coquettish 

Lack of interest 

Appetite 

Eat well, full crop 

Eat little 

Roosting 

Up early, retire late 

Spend much time on perches 

Body Characteristics 



Shape 

Parallelogram 

Triangle 

Back 

Broad, extends well back 

Narrow, wedge shaped 

Keel 

Long, extends well forward 

Short 

Breast 

Full, plump 

Shallow, thin 

Abdomen 

Deep, full 

Tucked up 

Size 

Generally large, compact 

May be small 

Head 

Broad, round 

Long, thin, fiat 

Beak 

Short, heavy, curved 

Long, thin, fiat 

Comb 

Large, bright red, warm 

Small, pale, or purple 

Eye 

Large, bright, prominent 

Dull, sunken 

Plumage 

Close, glossy 

Loose, dull 

Wings 

Folded against body 

Drooping 

Tail 

Upright 

Drooping 

Shanks 

Short, thick 

Long, thin 


The head gives a good indication of the health of the bird. Rice has 
said, “The bird carries its health certificate on top of its head,” meaning 
the comb. A large, bright red comb indicates good vigor, while a small, 
pale, or dark comb indicates low vitality or a diseased condition. If the 
comb is large and bright red, the eyes will be bright and prominent, the 
face well colored, and the wattles red. 

The plumage of vigorous birds is close and the feathers are “well kept,” 
glossy, and unbroken. Vigorous birds generally molt late and quickly. 
Birds with poor v^or may not molt, and the plumage may be irregular 
and thin. One should take past production into consideration when judg- 
ing vigor by plumage. Oftentimes birds that have been laying for a long 
period of time will have poorly kept plumage. They apparently are so 
busy producing eggs that their plumage is neglected. 

Breed and variety characteristics. Individuals should be selected that 
are free from general disqualifications (p. 46) and that conform to the 
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Fig. 51. The way in which birds of high and low vitality fill a parallelogram and two tri- 
angles. This clearly brings out the points of weakness in development of keeb breast, and 
abdomen in the low-vitality bird. 

description of the breed and variety as given in the American Standard of 
Perfection. 

While it is true that there is probably very little relation between the re- 
finement of type and color of a bird and its production, yet one should 
retain the identity of the breed and variety in the flock. The buyers of 
poultry will pay more for Standard-bred stock than for birds that lack 
a definite breed and variety identity. 

The breeding problem is simplified by choosing a variety with a solid 
color, such as white, in preference to one with shaded or mixed color 
(barring) . The white color does not create a breeding problem. Barring is 
a problem because definite dark and light and narrow bars are preferred. 
As illustrated by the principle of segregation of characters in the preceding 
chapter, if a bird with small-egg size is crossed with one for large-egg size 
and the Fi generation mated among themselves, about one bird out of 
every four will be pure for large-egg size. If one had to select for a de- 
sirable type of barring as well as egg size, only about one bird out of 
sixteen would have the proper egg size and barring. 

Production characteristics. It is possible to secure an indication of a 
hen’s present, past, and future egg production by physical examination of 
the bird. Characteristics observed and their significance are summarized 
in Table 9. 
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Distinguishing layers from nonlayers. In selecting good producers and 
culling the unprofitable birds, it is necessary to be able to distinguish hens 
that are laying from those that are not laying. 

Table 9 


CULLING AND SELECTION OUTLINE 



Distinguishing Layers 

from Nonlayers 

Character 

Laying Hen 

Non laying Hen 

Comb 

Large, red, full, glossy 

Small, pale, scaly 

Eye 

Bright 

Dull 

Vent 

Large, dilated, oblong. 

Small, contracted, round, dry 


moist 


Pubic bone 

Two or more fingers 

Less than two fingers 

spread 

Abdomen and 

Soft, pliable 

Full, hard 

spread 

Three or more fingers 

Less than three fingers be- 


between pubic bones 
and keel 

tween keel and pubic bones 

1 

Estimating Past Production 


Long Laying Period 

Short Laying Period 

Vent 

Bluish white 

Flesh colored 

Eye 

Prominent, sparkling 

Dull, sunken 

Eyelids 

Thin, edges white 

Thick, yellow tinted 

Ear lobes 

Enamel white 

Yellow tinted 

Beak 

Pearly white 

Yellow tinted 

Shanks 

White, flat- 

Yellow, round, smooth 

Plumage 

Worn, soiled, close 

New, glossy, clean, loose 

feathered 

feathered 

Estimating Merits of Good 

and Inferior Layers 


Good Layer 

Poor Layer 

Pigmentation 

Well bleached 

Yellow pigment 

Molt 

Late, rapid, laying dur- 

■ Early, slow 


ing molt 


Presistency of 

Laying in August and 

Out of production in August 

production 

September 

and September 


The color of comb and wattles gives some indication of present produc- 
tion. When the ovary starts to function and yolks start to develop, the 
comb and wattles increase in. size and become bright red in color. When 
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Fig. 52. Head of a good Barred Plymouth Rock layer (left) and poor layer (right). Note the 
large comb and wattles and short beak on the good layer. 

a bird is about ready to lay or is in production, she has a large, bright red, 
smooth, glossy comb, and full, smooth wattles (Fig. 52) . Near the end of 
a laying period and when production stops, the comb shrinks and be- 
comes dull, dry, and shriveled. 

Condition of the vent is used to indicate production. The vent of a hen 
in production is large, oval or elliptical, and moist. When a bird is out 
of production, the vent is shrunken, puckered, and dry (Fig. 53) . 

The space between the pubic bones indicates the laying condition of a 
pullet or hen. As a fowl comes into laying condition, the pubic bones 
(Fig. 54) spread apart. The distance between them, when a bird is in 
production, will be at least one and one-half inches, even in small fowls, 
and may be as much as three inches in the larger breeds. A space equal 
to the width of one finger (about three-fourths of an inch) between the 
pubic bones indicates that the hen is not laying. A space greater than the 
width of two fingers usually shows that she is laying. 

Long production causes the pubic bones to become thin and pliable. In 
nonlayers these bones are thick and less flexible. 

A soft, pliable abdomen indicates that a bird is in production. A full, 
hard abdomen indicates a nonlaying bird. A pullet or a nonlaying bird 
has a depth of only about two fingers between the pubic bones and the 
keel (Fig. 55). As the fowl comes into production, the abdomen expands, 
the keel drops down, and the space between the pubic bones and keel has 
a depth of three or more fingers. 
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Indications of good layers. The selection of hens should not be based 
on their present laying condition alone. The fact that a hen is laying at 
the time of examination is no proof that she is a good producer. Almost 
any hen will lay during the spring. If she is not laying in July and August 
of the year after she was hatched, she is likely to be a poor layer. 

Although trap-nesting is the best way to ascertain the exact number of 
eggs a hen has laid, there are easily observed changes in physical appear- 
ance which indicate a bird’s past laying performance. These include pig- 
mentation and molt. 

Pigmentation gives some information regarding a bird’s past produc- 
tion, in case of hens having yellow skin and shanks. During the period 
of production, the yellow xanthophyl pigment in the feed eaten is used 
for coloring the yolks and the body gradually loses its reserve supply of 
yellow pigment. The order of disappearance of pigment from the body 
and the approximate period of egg production required to bleach the body 


structures are as follows : 

Vent...., 1“ 2 weeks 

Eye rings and ear lobes. 2— 4 weeks 


COURTESY THE EARLY AND DANIEL CO. 


Fig. 53. The influence of egg production on the condition of the abdomen and vent. Left, a 
bird in production. Note the large space between the pubic bones and keel, and the large, 
oval vent. Right, a bird out of production. Note the small space between the pubic bones 
and keel, and the small, flat vent. 
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COURTESY THE EARLY AND DANIEL CO. 

Fig. 54. The influence of egg production on the condition of the pubic bones and abdomen. 
Left, a bird in production. Note the wide space between the pubic bones, and the loose 
abdomen. Right, a bird out of production. Note the small space between the pubic bones 
and the tight abdomen. 


Beak 6- 8 weeks 

Shanks 12-20 weeks 


The pigment first leaves those structures having the best blood circula- 
tion. It leaves the beak from the base towards the tip and the front of the 
shanks before the back part. When a bird stops production, the pigment 
returns in the same order as it left and approximately twice as fast. 

The rate of production and the kind of ration alter the rapidity with 
which pigment is lost from the body. Birds laying at a high rate lose pig- 
ment more rapidly than those laying at a low rate. Birds kept in confine- 
ment or fed very little yellow corn or alfalfa lose pigment much more 
rapidly than those receiving an abundance of xanthophyl pigment from 
green grass range, yellow corn, or alfalfa. 

Molt may be used to indicate a bird’s laying ability. Both the time and 
duration of molt should be considered. 

The early molter is usually a poor layer. The normal molt occurs dur- 
ing the summer and fall of each laying year. Poor producers frequently 
stop laying in June or July and begin to drop their feathers. They usually 
take a long time to complete their molt and as a rule lay no eggs during 
this period. They seldom start to lay before December or January. Late 
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Fig. 55. The space between the pubic bones and the keel indicates the laying condition of a 
bird. Left, a bird out of production, with a narrow space between the pubic bones and keel 
and a hard, full abdomen. Right, a bird in production, with a wide space between the pubic 
bones and keel and a soft, pliable abdomen. 

molters, after a rest of only a month or two, also begin to lay in December 
or January. 

It takes about six weeks for a new feather to grow out in either a low or 
a high producer, but the latter grows more feathers at a time, thereby 
completing the molt much more quickly than a low producer. Excep- 
tionally good hens may molt and lay at the same time. 

The order of the molt is as follows: head, neck, breast, body, wings, and 
tail. If birds are selected in the early fall, the plumage of the good layers 
will show wear and tear, and is usually soiled. The early molting hens 
will have a growth of new feathers. The webs of the new feathers are 
glossy and bright in contrast to the dry, frayed webs of the old ones. The 
new quills are large, full, and soft. The quills of the old feathers are 
small, hard, and nearly transparent. A few pinfeathers in the neck may 
indicate a short molting period without a stop in egg production. When 
the molt extends to the body and wings, the hen usually stops laying and 
the molt becomes complete. 

It is possible to estimate when the molt began by counting the number 
of wing feathers. The primary feathers are the stiff flight feathers seen on 
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Fig. 56. A diagram showing weekly stages of the wing molt. The black portions represent 
the old feathers, while the new ones are represented by the feather outlines. (Cornell Bulle- 
tin 503.) 


the outer part of the wing when it is spread out (Fig. 56) . They are sepa- 
rated from the secondary feathers by a short feather (axial feather) . There 
are usually ten primary feathers on each wing, and they are molted from 
the axial feather toward the tip of the wing. Early and slow molters gen- 
erally drop one or two primary feathers at a time. Late and fast-molting 
birds shed three or more primary feathers at a time. Since it takes about 
six weeks to grow a new wing feather, and two-thirds of the growth is 
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made during the first thtee weeks, one can estimate the time of wing molt 
by observing the number and length of the new primary wing feathers. 
The new feathers will be clean and bright with a soft quill and broad out- 
line. The old primaries are much more faded, soiled, worn, and pointed. 

The trap-nest record. The trap-nest record gives the true picture of a 
bird’s egg-laying performance. It not only gives the number of eggs laid, 
but is necessary for a study of egg characters and individual reproductive 
performance (p. 119). 

Ancestry. A good individual with good ancestry is to be preferred to 
one with poor ancestry because it is more likely to carry the genes for the 
desired character. It should be remembered that good ancestry only bet- 
ters the chances; it does not guarantee purity. The greater the variation 
in the environmental conditions, the ration, and management practices, 
the less the reliance that can be placed upon the ancestors’ records of pro- 
duction in the selection of progeny for future breeding purposes. 

Sibs. The records of the brothers and sisters in a family furnish further 
evidence of an individual’s desirability as a breeder. The probability is 
greater that the bird under consideration is pure for the genes for the char- 
acters he carries when his brothers and sisters have the characters. 

Reproductive performance. A bird will be of little value as a breeder 
unless it reproduces well. It may lay many eggs but still be of little value 
if it has few or no progeny. 

Fertility of eggs is the first limiting factor determining the number of 
offspring. Low fertility may result from sterility or partial sterility of the 
male, barrenness of the female, aversion or favoritism on the part of the 
male, or a lack of sex interest in either sex. Insofar as known, fertility is 
an individual characteristic which is not hereditary. It remains more or 
less constant in an individual from year to year. There appears to be no 
relation between fertility and hatchability. 

Hatchability is an inherited character. A hen may lay a large number 
of fertile eggs, yet many of the embryos will die in the shell. The poor 
hatchability may be due to lethal genes. Some of these are stickiness, de- 
formed mandibles, and malpositions of embryos. 

Livability of chicks hatched is the final measure of a bird’s reproductive 
performance. Chicks from certain matings are known to live well, while 
those from different matings, kept under identical conditions, have high 
mortality. It is not known definitely that livability is inherited. How- 
ever, it is a good practice to use only breeders whose progeny live well. 

Progeny. The final proof of a bird’s value as a breeder is its ability to 
transmit desirable characters that it possesses to its offspring. Selection of 
female breeders on the basis of their first year trap-nest records failed to 
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improve egg production in the Maine Experiment Station flock. When 
selection o£ cockerels and pullets for breeders was made from the best 
families of that year, a steady increase in production was obtained. 

Systems of Breeding Poultry 

Once individual breeders have been selected, they are bred according to 
one of three definite plans or systems, depending on the object in view. 
These systems are inbreeding, outbreeding, and grading. 

Inbreeding. Inbreeding or line breeding is the mating together of rela- 
tives. Since there are different degrees of relationship, there are also dif- 
ferent degrees of inbreeding. The term “close inbreeding” is used to refer 
to the mating of brothers and sisters or parent to offspring. 

The purpose of inbreeding is to intensify desirable characters — that is, 
to secure them in pure homozygous condition. Inbreeding is used on 
poultry-breeding farms to develop strains for high egg production, large 
eggs, good livability, etc. 

The effects of inbreeding result in reduced vigor and lower hatchability, 
unless birds are selected for good vigor and hatchability, as well as the 
particular character that is to be intensified. It must be remembered that 
if a bird is selected for a good character and should happen to have a bad 
one, and if it is inbred to intensify the good one, the bad one will also be 
intensified. 

At the University of Wisconsin, Rhode Island Red pullets and cockerels 
were selected on the basis of plumage color. Vigor, egg production, and 
hatchability were not considered. After four years of inbreeding, in 
which brother and sister matings were used, the experiment had to be 
discontinued because of the decline in vigor, egg production, and hatcha- 
bility. The decline in hatchability is shown in Table 10. 

Outbreeding. Outbreeding is the opposite of inbreeding, and includes 
crossbreeding. Outbreeding involves the mating of unrelated individuals. 

Table 10 


INFLUENCE OF CLOSE INBREEDING ON HATCHABILITY AMONG 
RHODE ISLAND REDS ^ 


Mating 

First Year 

Second Year j 

Third Year 

Fourth Year 

Inbred line. ......... 

Per Cent 

67 

49 

41 

18 

Control line. 

• ■ ■ ■■ 1 

67 

31 

56 

64 


^ Cole and Halpin, 1922. 


BREEDING PRACTICES 


109 


The purpose of outbreeding is to develop new breeds and to increase 
vigor in closely inbred lines of stock. The characters that are to be com- 
bined in the new breed must first be well fixed in the breeds that are to be 
crossed; otherwise little good will be accomplished. 

Two closely inbred strains of a given variety of stock, originating from 
a single family, may be crossed to restore vigor. In this way outbreeding 
may be used without losing any of the strain characteristics intensified by 
close inbreeding. 

Outbreeding or crossing is not used so much now as formerly for the 
purpose of developing new breeds. More effort is now being directed 
toward intensifying desirable characters in breeds that have already been 
standardized. 

Crossbreeding is used for the production of broiler chicks. It results in 
better hatchability, livability, and growth rate of chicks. It does not have 
much influence on egg production and livability of laying birds. 

Variations in results obtained by crossbreeding will vary with the breeds 
crossed and the purity of the breeds. Two separate Standard-bred breeds 
must be maintained for the production of crossbred chicks. 

At the New Jersey Experiment Station, Rhode Island Red males were 
crossed with Barred Plymouth Rock hens. This resulted in better fertility, 
percentage hatchability of fertile eggs, rate of growth up to twelve weeks 
of age, viability during the growing period, age at first egg, and egg 
weight at ten months. The hybrids were intermediate or inferior to the 
standard breeds in respect to adult body weight, laying-house mortality, 
and eleven months’ egg production. The averages of some of the results 
obtained during a three-year period are summarized in Table 11. 

Grading. Grading is the mating of mongrel stock to birds of superior 
quality for the purpose of improving the qualities of the mongrel stock. 
It involves the use of high-quality males in flocks of average-quality fe- 
males. 

Grading is the system of breeding used on most farms. It is used by 
hatcherymen who buy good males and put them out in farm flocks from 
which they expect to secure hatching eggs. 

The theoretical rapidity with which the characteristics of an improved 
breed are transformed to an unimproved flock is illustrated in Figure 57. 

Methods OF Mating 

The method of mating used will have a marked influence on fertility 
and consequently on the number of offspring used. The two most com- 
mon methods of mating are flock and pen mating. Stud mating and 
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Fig. 57. Flock improvement by the use of pedigreed males. (After Felch.) 

artificial insemination are sometimes used in experimental work. 

Flock mating. Flock or mass mating means that a number o£ males are 
allowed to run with the entire flock of hens. This system of mating is 
used on most farms. In flock matings the parentage of the chicks hatched 
is unknown. . 

Other things being equal, better fertility is obtained from flock matings 
than from pen matings. There is an opportunity for birds to mate with 
those they like in flock mating; in pen mating there is no choice. Gom- 
petition among males in flock mating also results in more matings and 
better fertility. 

The number of hens that should be mated with each male will vary 
with the size and age of the birds (p. 111). 

Pen mating. In pen mating a pen of hens is mated to a single male. If 
the birds are trap-nested and the hen’s leg band number recorded on the 
egg, it is possible to know the parents of every chick hatched from a 
pen mating. 

About the same number of hens are mated with a male as in the case of 
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Table 11 

INFLUENCE OF CROSSING RHODE ISLAND REDS AND BARRED ROCKS ^ 


Characters Studied 

Rhode Island 
Reds j 

Barred 

Plymouth Rocks 

Red and 

Rock Cross 

Fertility (per cent) . 

63 

70 

74 

Flatchability (per cent) 

54 

62 

65 

Mortality first 24 weeks (per cent) 

13 

17 

10 

Egg production first 11 months (no eggs) . . . 

1 108 

171 

127 

Mortality during 11 months egg produc- 
tion (per cent) 

j 33 

29 

43 


flock mating. Fertility is generally ngt so good in pen mating as in flock 
mating. This is because certain hens may not like the male, or vice versa. 

Stud mating. In stud mating the females are mated individually with 
a male kept by himself in a coop or pen. In this system of mating more 
females can be mated with a male than in pen matings. Stud mating in- 
volves more labor than flock or pen mating. The birds should be mated 
at least once each week in order to maintain good fertility. 

Stud mating may be used where hens are kept in laying batteries. It is 
also used when a very valuable male is being used as a breeder. By the 
use of stud mating, more offspring can be obtained from the male. 

Artificial insemination. Artificial insemination is possible but not prac- 
tical in ordinary poultry-breeding work. It is used in experimental work 
and may be used in turkey breeding where poor fertility is encountered. 

A method has been developed at the National Agricultural Research 
Center and elsewhere for securing sperm from the male by artificial stimu- 
lation and for transferring it to the oviduct of the female. Doses of .1 cc. 
of semen injected once a week give good fertility. 

Securing Good Fertility 

Once high egg production has been secured, fertility is the first factor 
which determines the number of offspring that may be obtained from a 
given individual. As in the case of other animals, both males and fe- 
males among poultry may be sterile. It is a good plan to test the fertility 
of males and females at least a month before the beginning of the breed- 
ing season. Factors influencing fertility include the number of females 
mated to one male, the age of breeders, the length of time between mating 
and saving eggs for hatchability, and management practices. 

The number of birds mated to one male. In mating birds of the light 
or egg breeds, such as Leghorns, it is customary to use one male for fifteen 


^Jeffrey, 1939. 
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to twenty hens. In case of the general-purpose breeds, such as Plymouth 
Rocks, it is customary to use one male with ten to fifteen hens. About 
eight to twelve hens are mated with one male in case of the heavy breeds, 
such as the Brahmas. 

Age of breeders. Young birds are more active than old ones. Fertility 
is better among pullets and cockerels during the first year than later on. 
Males are not very satisfactory as breeders after they are about three years 
old. 

Fertility can be improved by using cockerels with old hens or pullets 
with old males. When both old hens and old males are used in the 
breeding pen, fewer hens should be used with each male than generally 
recommended. 

Length of time after mating. It is possible to secure fertile eggs about 
twenty-four hours after males have been placed in the pen. However, a 
maximum percentage of fertility is not reached until about ten days after 
the birds have been mated. 

It is possible to secure fertile eggs as long as twenty-one days after the 
males have been removed from the flock. Reasonably good fertility may 
be expected for about a week after removal of the males. In case a male 
bird dies or is replaced by another male in a breeding pen, one should 
wait about three weeks before saving eggs for hatching in order to be sure 
that none of the eggs were fertilized by the sperm of the preceding male. 

It is true that when other things are equal, ^the newest sperm in the 
oviduct will be most likely to fertilize the eggs. 

Influence of flock management. The health of the flock and housing 
conditions influence fertility. Good fertility cannot be expected unless the 
birds are vigorous and active. 

Extremely cold weather will result in poor fertility and poor hatcha- 
bility unless housing conditions are such that the birds will be comfort- 
able. In cold climates, where breeders are kept in unheated pens, it is a 
good plan to dub the combs and wattles of the males to prevent freezing 
(p. 433). Birds with frozen combs or wattles are inactive because of the 
soreness of the affected parts. 

The poultry house should be kept clean, dry, well ventilated, and free 
from filth. 

Breeding FOB. Hatchability 

It is known that feeding and management practices affect hatchability. 
Aside from these, there are a number of breeding practices which in- 
fluence hatchability. Chief among these may be mentioned the age of 
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breeders, egg production, method of breeding, egg characters, and lethal 
genes. 

Age of breeders. Eggs from pullets show a little better hatchability of 
fertile eggs than those from hens. Since fertility of eggs from pullets is 
higher than that from hens, the number of chicks obtained from each one 
hundred eggs set is higher from pullets than from hens. This fact tempts 
some hatcherymen to hatch from pullets rather than from hens. The 
chicks from pullets will not be so large or uniform as those from hens. 

The University of Missouri has made a study of the hatchability of eggs 
from hens and pullets, comprising several different breeds. The results 
are summarized in Table 12. 

The hatchability of eggs of the same group of birds used two or more 
breeding seasons in succession tends to decline. Studies made at the Kan- 
sas Experiment Station are summarized in Table 13. 

Egg production. Good hatchability is associated with good egg produc- 
tion. There is a common belief that if birds have been laying very long 
before the hatching season, hatchability of eggs and livability of chicks 


Table 12 

THE PER CENT HATCHABILITY OF PULLET AND HEN EGGS ® 


Breed 

Pullets 

Hens 

White Leghorns 

83 

75 

Rhode Island Reds 

79 

71 

Barred Plymouth Rocks 

62 

57 

White Plymouth Rocks 

76 

69 



Table 13 

PER CENT HATCHABILITY OF EGGS FROM THE SAME 
GROUPS OF BIRDS IN SUCCEEDING YEARS ^ 


Breed 

Pullet Year 

Second Year 

Third Year 

Fourth Year 

White Leghorns ...... 

75 

66 

70 


White Leghorns 


78 

72 

61 

Rhode Island Reds . . . 

60 

53 

49 


Rhode Island Reds. . . 


69 

66 

^ 54"' 


will be lower than from birds that have not laid so many eggs. A study 
of this factor was made at the National Agricultural Research Center. 
The results are summarized in Table 14. From it, one may conclude that 


3 Funk, 1934. 

^ Warren, 1934. 
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Table 14 


EFFECT OF PREVIOUS PRODUCTION ON HATCHABILITY 
AND LIVABILITY OF CHICKS ® 


Previous Production of Birds 
from October to Hatching Season 

Per Cent Hatchability 
of Fertile Eggs 

Per Cent Chick 
Mortality First 
Four Weeks 

Barred Plymouth Rocks 

Those laying 0~29 eggs 

77 

4 

30-59 eggs 

72 

3 

60-89 eggs 

71 


Rhode Island Reds 



0-29 eggs 

73 

1 

30-59 eggs 

71 

2 

60-89 eggs 

64 

... , „ 

White Leghorns 


i 

0-29 eggs 

74 

3 

30-59 eggs 

13 

3 

60-89 eggs 

69 

2 


the length o£ time birds have been in production before the hatching sea- 
son does not influence the hatchability of the eggs set or the livability of 
the chicks hatched. 

Methods of breeding. Hatchability is influenced by the method of 
breeding. Close inbreeding tends to lower hatchability (p. 108), while 
crossbreeding increases it. If birds are selected for high hatchability as 
well as for the character to be intensified in line breeding, no harm re- 
sults from this system of breeding. 

Egg characters. Egg characters, such as size, shape, and interior qual- 
ity, affect hatchability. 

Standard-weight eggs, those weighing two ounces each, hatch better 
than those much above or below this weight. 

Long pointed and short bulging eggs do not hatch well. They should 
be culled out from eggs that are to be used for hatching purposes any- 
way, If a pullet is hatched from such an egg, it will likely lay the same 
kind. Long pointed and short, thick eggs are unsatisfactory for packing 
for market. 

Double-yolked eggs do not hatch. Embryos may develop in such an 
egg until near the hatching day. The chicks are too cramped and there 
is not enough space for respiration and movement in the pipping process. 

Eggs with shells of medium strength hatch better than eggs with shells 
that are too thick or too thin. Evaporation is too rapid from thin-shelled 
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eggs during the period of incubation. Chicks have difficulty in pipping in 
eggs with extremely thick shells. 

Eggs with good interior quality, as judged by candling appearance, 
hatch better than those with poor interior quality. Eggs with a large 
proportion of white in proportion to yolk do not hatch so well as those 
with less white. 

During the past few years records have been obtained on egg quality 
and hatchability in connection with chicks produced for the Annual Baby 
Chick Show, held at Ohio State University. Some of the data obtained 
are summarized in Table 15. 

Lethal genes. Lethal genes affecting hatchability have been discovered 
in recent years (p. 94). In studying hatching records on breeding farms, 
the dead embryos should be examined in order to locate sires and dams 
carrying the lethal genes in heterozygous condition. A sire and a dam 
each carrying a lethal gene in a heterozygous condition will produce off- 
spring in the proportion of three normal to one carrying the lethal char- 
acter. The same sire, mated to his daughters, produces five normal to one 
lethal or seven normal to one lethal embryo. 

Hatchability improvement through breeding can be secured only by 
trap-nesting and selection of individuals. The farmer who experiences 
low hatchability as a result of breeding can improve it by the use of males 
which were produced by families having high hatchability. 

Breeding FOR Livability 

Livability is influenced greatly by feeding and management practices. 
It is also influenced, in many cases, by low resistance of the stock to dis- 
ease invasion. 

Experimental evidence has shown that there are family differences as re- 
gards the susceptibility to and resistance against pullorum, fowl typhoid, 
range paralysis, round-worm infestation, crooked keels, and reproductive 
troubles. 

Breeds and strains. Chicks obtained from different breeds and strains 
but reared under identical conditions show marked differences in liva- 
bility. In the Nebraska flock-testing project in 1935, differences in mortal- 
ity among chicks from different flocks during the first four weeks varied 
from 1 to 70 per cent. The variation was from 13 to 70 per cent among 
strains of general-purpose breeds, and from 1 to 31 per cent among Leg- 
horns. A large part of the mortality was probably due to pullorum. 
These and other data indicate that general-purpose breeds are more sus- 
ceptible than Leghorns to pullorum infection. 


116 


POULTRY 


Table 15 


INFLUENCE OF EGG QUALITY ON HATCHABILITY 


Quality of Eggs 

1938 

1939 

1940 

Total for Three 
Years 

U, S, Extras 





Number set 

1147 

4547 

5825 

11519 

Number chicks hatched 

825 

3364 

4192 

8381 

Per cent hatch of eggs set, 

72 

74 

72 

73 

U, S. Standards 





Number set 

1733 

2155 

1001 

4889 

Number chicks hatched 

1229 

1550 

744 

3523 

Per cent hatch of eggs set 

71 

72 

74 

72 

U. S. Trades 





Number set 

97 

30 

4 

131 

Number chicks hatched 

50 

19 

1 

70 

Per cent hatch of eggs set 

52 

63 , 

25 

53 

Blood and Meat Spots 





Number set 

9 

19 

37 

65 

Number chicks hatched 

4 ^ 

11 

23 

38 

Per cent hatch of eggs set 

44 

58 

62 

58 

Checks 





Number set 

14 

30 

2 

46 

Number chicks hatched 

4 

16 

1 

21 

Per cent hatch of eggs set. 

29 

53 

50 

46 


Age of breeders. Chicks hatched from hens are more uniform in size 
and vigor and live better than those hatched from pullets (Table 16). 
This may be expected, since pullet mortality is higher than hen mortality. 
Pullet and cockerel parents may die before the end of the first year of 
production. The offspring will, therefore, be from parents whose liva- 
bility has not been determined. When chicks are hatched from year-old 
stock or older, it is known Aat the birds are from parents that were able 
to live and produce well through at least one year of production. 

The fact that pullets lay more eggs and that the hatchability of their 
eggs is better has led hatcherymen to use mostly pullet eggs for hatching. 
This has no doubt been a major factor in shortening the life and increas- 
ing mortality among laying flocks. More attention is now being given to 
the hatching of chicks from breeders that have been through one or more 
years of production. 

System of breeding. Inbreeding results in reduced vigor and increased 
mortplity (p. 108). Crossbreeding has the opposite effect. If care is used in 
the selection of breeding stock for livability, as well as for the character to 
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117 


Kind of Breeders 

Mortality of Pullet Progeny (per cent) 

Hens 

Total 

Due to Paralysis 
20 

'XtislI 1 

35 

TTrial 2. .•••••••?*•• 

34 

14 

Pullets 


32 

'Prial 1 

62 

Trial 2 

48 

24 


breeding for livability, only birds from 
livability should be used in the breeding pen.^ nossible to im- 

reduce adult mortality. 

Breeding for Growth and Feathering 

" .ha. Ugh.w.igh. sXf ”oS 

abou. a moad. aa.li« t%*“"STL Sfn obated *1. »»>« 
Rocks. Within a given breed or van y _ others. 

risz:“f.p.r— 

the time during the first ® ^ ° ^ basis of the rate of growth 

The breeding stock J g stock should be inspected 

in their progeny up to eight weeks, me you g 
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for weight and feathering at this age. Un- 
derweight and poorly feathered birds should 
be removed or marked and removed later 
on. If the records on growth and feathering 
are not recorded until the birds are housed, 
many of the undesirable birds will be missed. 
They will have completed a normal plum- 
age and possibly will have grown to normal 
size by the time they are placed in the laying 
house. 

Occasionally early-feathering chicks are 
found within a breed and strain as indicated 
by the length of the wing and tail feathers 
at about ten days of age. By picking out 
these chicks and using them as breeders, it 
is possible to develop an earlier-feathering 
strain of birds. 

Crossbred poultry generally make better growth during the first eight 
to twelve weeks than the Standard-bred birds from which they were 
hatched. The adult size is generally intermediate between that of the 
two breeds that were crossed. Data obtained at the California Experi- 
ment Station indicate that the shank length measurement of live birds is 
a true indication of heritable differences in body size. 

Breeding for Meat Production 

Breeding chickens for meat production has been overshadowed by 
breeding for egg production. As we shall see, selection of birds for egg 
production is very complicated. Very little may be learned about the egg 
production of a hen by looking at her. It is quite different in selecting 
birds for meat production. Birds are selected for type in breeding for 
meat production. 

Extensive studies have been made in Canada on the selection and 
breeding of birds for meat production. Contrasts in good and poor types 
for meat production are shown in Figures 58 and 59. Good birds have a 
broad back and the keel is carried well forward. The legs are short and 
thick and set well apart. The neck is short. Poor meat-type birds have 
narrow backs and shallow breasts; the legs are long, thin, and close 
together. Birds selected as breeders for meat production should have 
shown rapid growth and good feathering during the first eight weeks. 
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Fig. 58. A good body type for 
meat production. The legs are 
short; the breast broad; and the 
keel is carried well forward. 
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Breeding for Egg Production 

Most of the income from chickens is froni 
the sale of eggs for food and for hatching 
purposes. The higher the egg production 
secured, the lower the feed and total cost p^r 
dozen of eggs. Consequently, poultrym^j^ 
are interested in high egg production. Good 
feeding and management practices will re- 
sult in an increase in egg production from 
about 80 or 90 eggs per year to 150 or l6o. 

Greater production will depend largely 
careful selection of breeders on the basis of 
the trap-nest record, family history, aricl 
progeny testing. 

Selection on the basis of the trap-nest rec- 
ord. Inherited characters for high egg production include early sexual ma- 
turity, rate of production, lack of pauses, nonbroodiness, and persistency 
in production. Accurate records regarding these characters can be secured 
only through trap-nesting the birds. Once prospective breeders have been 
selected on the basis of vigor and breed and variety characteristics, they 
should be leg-banded and trap-nested; and the records should be analyzed 
before the breeders are selected. 

Early maturity. Early sexual maturity, the age at which egg produc- 
tion begins, is an inherited character. It is a dominant and sex-linked 
character in which several genes are probably involved. By selecting the 
early-maturing birds in a flock each year, it « possible to materially reduce 
the time required to reach sexual maturity in a flock. At the Kansas Ex- 
periment Station the time required for a strain of Rhode Island Reds to 
reach sexual maturity was reduced from 269 to 222 days in the course of 
six years of selection and breeding for early maturity. 

If light breeds, such as Leghorns, are to lay approximately two hundred 
eggs during the pullet year, they should come into production when about 
five and one-half months old. In the case of general-purpose breeds, such 
as Rhode Island Reds, production should start when the birds are about 
six months old. 

In a flock of birds in which ail of them are the same age, the first 75 per 

cent that come into production will be the best layers. 

Rate of production. A bird that lays at a high rate has a shorter in- 
terval between ovulations, the eggs remain in the oviduct for a shorter 



Fig. 59. A poor body type for 
meat production. The legs are 
long; the breast shallow; and the 
body is short and narrow. 
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period of time, and laying takes place more nearly at the same hour each 
day than in the case of a low-rate layer. In other words, the best layers 
lay in long clutches with few intervals, while the poor layers lay in short 
clutches with numerous intervals of varying length between the clutches. 
At the National Agricultural Research Center it has been observed that 
full sisters lay at more nearly the same rate than half sisters and less 
related birds, and half sisters lay at more nearly the same rate than less 
related birds. 

The rate of production is figured on a percentage basis, using the num- 
ber of eggs laid from the date of the first egg to a given date in relation to^ 
the total number of days involved. If a flock of birds is to average about 
two hundred eggs during the first year of production, they should lay at 
the rate of 60 per cent, or at least four eggs per clutch. 

Lack of pauses. Some birds lay well for a while and then go out of 
production for varying lengths of time. A pause is regarded as an interval 
of more than seven days between clutches of eggs. Some pauses may be 
caused by digestive disturbance, a cold or other respiratory trouble, para- 
sites, etc. Other pauses are encountered which cannot be accounted for on 
the basis of disease, environment, and management. They are believed 
to be hereditary. One of these pauses is encountered during the winter 
and is commonly referred to as the winter pause. 

In selecting birds to be used for breeders, those with the fewest pauses 
and of the shortest duration should be selected. 

Nonbroodiness. If a bird is to lay well, it must not be broody much of 
the time. Broodiness is a dominant sex-linked character. Unless breeders 
are selected for nonbroodiness, the offspring will show more broodiness 
each year with a decline in egg production. 

Light breeds, such as Leghorns, are less broody than general-purpose 
breeds, such as Plymouth Rocks. Within a given breed or variety there 
are strains with much less broodiness than is found in others. 

When two breeds are crossed, the progeny generally show more broodi- 
ness than that shown by either of the parent breeds. 

A record should be made of each period that a bird is broody. If the 
broody period is often or of long duration, the bird should not be used in 
the breeding pen. It is a common practice to reject Leghorns that are 
broody two or more times during the year, as well as general-purpose 
birds that are broody three or more times. 

Persistency in production. Persistent layers are those that lay well dur- 
ing the summer and fall in the year following that in which they were 
hatched. 

The termination of the first year of laying is closely related to the first 
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annual molt. Most birds quit laying and then molt. A few birds will lay 
and molt at the same time; these are usually very desirable birds for use 
in the breeding pen. 

Birds should be selected for persistency of production that lay approxi- 
mately twenty-five eggs during August and September of the year follow- 
ing that in which they were hatched. 

At the Massachusetts Experiment Station, Rhode Island Red breeders 
have been selected for egg production for a number of years on the basis 
of early maturity, rate of laying, nonbroodiness, and persistency. Each of 
these characters has been improved along with an increase in egg produc- 
tion (Table 17), Selection for nonbroodiness has shown more progress 
than selection for the other factors. 

Selection of breeders on the basis of the first year of egg production 
alone is not a satisfactory measure of their breeding value (Table 18). 
The data show no apparent relationship between the egg production of 
the dams and that among the daughters among the Rhode Island Reds, 
but there is seen a slight relationship between the egg production of the 
dams and that of the daughters among the White Leghorns. 

Table 17 


IMPROVEMENT IN EGG PRODUCTION WITH IMPROVEMENT IN 
INHERITED CHARACTERS FOR EGG PRODUCTION ^ 


Year 

Sexual 

Maturity 

Days 

Rate of Laying 
(number eggs 
per clutch) 

Nonbroodiness 
(per cent) 

Persistence 

Days 

Average 

Egg 

Production 

1920 

200 

2.7 

54 

331 

200 

1921 

211 

3.3 

55 . 

304 

198 

1922 

197 

' 2.7 

71 

322 ' 

200 

1923 ! 

209 

2.4 

73 

323 

189 

1924 

196 

2.5 

67 

327 ! 

196 

1925 

192 

3.1 

58 

330 

205 

1926 

199 

2.7 

81 

331 

205 

1927 

185 

3.5 

90 

321 

197 

1928 

196 

3.4 

72 

335 

215 

1929 

197 

3.1 

87 

330 

208 

1930 

; 191 

3.7 

78 

340 

214 

1931 

189 

3.8 

84 

344 

234 

1932 

202 

3.3 

88 

338 

222 

1933 

194 

3.3 

95 

i 342 

214 

1934 

186 

3.7 

92 

1 344 

225 

1935 

192 

2.9 

95 

343 

216 

1936 

196 

2.9 

90 

345 

220 

1937 

197 

3.0 

98 

! ■ . -339 ■ 1 

205 

1938 

196 

3.2 

92 

1 343 

221 
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Table 18 

THE AVERAGE FIRST-YEAR PRODUCTION OF THE 
DAUGHTERS OF DAMS CLASSIFIED ACCORDING 
TO THE RANGE IN EGG PRODUCTION 
OF THE DAMS^ 


Range in Egg Production 
OF Dams 

Average Egg Production of Daughters 

Rhode Island Reds 

White Leghorns 

181-190 


162 

191-200 


157 

201-210 

188 

168 

211-220 

205 

161 

221-230 

192 

173 

231-240 

192 

176 

241-250 

199 

169 

251-260 

201 

188 

261-270 

200 

209 

271-280 

197 

188 

281-290 

179 

208 

291-300 


222 

301-310 


228 

311-320 


220 


Selection on the basis of the family records. A bird with a good pedi- 
gree or family history of good production is to be preferred to one whose 
pedigree is unknown. A study of the egg-production records of ancestors 
back as far as three generations is useful in estimating the breeding value 
of an individual. The records of the brothers and sisters, as well as those 
of the parents and grandparents, are all of value in predicting the breeding 
value of a male or female. 

Selection on the basis of the progeny test. *The final and most valuable 
test for a breeder is the kind of progeny that it produces. It is not how 
many eggs a hen lays that counts, but the number her daughters will lay. 
If a bird is to be valuable as a breeder, it must be able to transmit desirable 
characters to its offspring. 

Poultry-breeding work at the Maine Experiment Station became the 
foundation for modern poultry breeding and progeny testing. Nine years 
of poultry breeding in which females were selected for breeders on the 
basis of their first-year trap-nest records failed to produce an increase in 
the level of egg production among the pullets raised each year. When 
pullets and cockerels were selected for breeders each year from among the 
best families of that year, a steady increase in the level of egg production 
was achieved. 


« JuU, 1938. 
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It is highly important to select sires of superior breeding value because 
the average sire has about ten times as many chicks as the average dam. 
It is also important to be able to identify females of superior breeding 
worth, if for no other reason than to produce more superior males. Some 
actual case records are presented in Table 19. Sire Number 1 is far more 
valuable than Number 3 as a breeder, even though his mates did not have 
quite so high an egg production. In like manner, dam Number 4 is su- 
perior to Number 5. 

In carrying on a progeny test program the first step is to determine 
which of the different male birds used proved to be the best breeders. The 
daughters of each male should be compared with those of other males 

Table 19 


VARIATIONS IN EGG PRODUCTION OF DAUGHTERS 
OF DIFFERENT SIRES AND DAMS 


Sire or 

Dam Number 

Average Production 
of Mates or Self 

Number of 
Daughters 

Average Egg Pro- 
duction of Daughters 

Sire 1 

264 

76 

219 

Sire 2 

276 

108 

191 

Sire 3 

285 

114 

163 

Dam 4 

281 

1 8 

278 

Dam 5 

312 

19 

203 

Dam 6 

234 

11 

186 


with respect to sexual maturity, rate of laying, lack of pauses, nonbroodi- 
ness, and persistence of production. Having determined the best males, 
the next step is to determine the female progeny of each of the hens to 
which a superior male was mated. 

The breeding program should be based on the selection of outstanding 
families. Sires and dams of outstanding value should be used as many 
years as possible. Their progeny should also be given preference when 
selecting future breeders. 

Since the life of chickens is relatively short, and their breeding period 
pretty well over by the time records on the progeny are known, the rec- 
ords of the sisters are given considerable weight in selecting cockerels for 
the breeding pen. If the first part of the pullet laying year is outstanding, 
as judged by sexual maturity, rate of laying, lack of pauses, and non- 
broodiness of all the sisters in the family, the brothers can be used as 
breeders that year with a good degree of assurance that they will prove 
satisfactory. 

Selection on the basis of long-time egg production. Birds that lay well 
the first year have a tendency to do so the second year. There are some 
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notable exceptions, however. Naturally a bird that lives and continues to 
lay well for two, three, or four years is more desirable as a breeder than 
one with a shorter record of production. 

Under ordinary circumstances, the decline in egg production is about 
20 per cent of that of the preceding year. For instance, if a bird laid 200 
eggs during the pullet year, it may be expected to lay about 160 eggs the 
second year and 130 the third year. If the first-year egg production has 
been retarded by improper feeding or management, a bird may lay more 
eggs the second year than during the first one if the poor management 
practices are corrected. 


Breeding for Egg Quality 

The number of eggs laid is not the only thing to be considered in breed- 
ing for egg production. The markets and consumers are interested in egg 
size and shape, shell color and texture, and interior quality. 

Egg size. Egg size is correlated with body size. Egg size increases 
from the time pullets start to lay in the summer or fall until the month of 
February. The size of eggs declines during the hot summer months. 
Eggs produced during the second year of production are larger than first- 
year eggs. Those laid at the beginning of a clutch are larger than those 
laid at the end. There is also a tendency toward a decline in egg size 
with the total number of eggs laid in a year. 

It is possible to secure and maintain good egg size even with high egg 
production if birds are selected for breeders that have good body and egg 
size as well as good egg production. 

Eggs of uniform shape and weighing between twenty-four and twenty- 
eight ounces per dozen should be set in order to maintain standard- weight 
eggs of twenty-four ounces per dozen in the succeeding generation. There 
is a tendency for birds to revert to the laying of small eggs like those of 
their ancestors, unless one continually selects eggs of good size for hatch- 
ing. 

Leghorns should weigh at least three pounds, Rhode Island Reds four 
and one-half pounds, and Plymouth Rocks five and one-half pounds at the 
time production begins, if good egg size is to be obtained. The size of 
the pullet, rather than the age at which it starts to lay, is the more im- 
portant factor influencing egg size. 

Shell color. Shell color is more important in white eggs than in brown 
ones. Varying shades of color are expected among brown eggs. Tinted 
shells should be avoided among white eggs; they do not influence the food 
value of the eggs, but do have an unfavorable effect on the appearance of 
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packs of white eggs. White eggs that have tinted shells should not be set. 
Birds that lay eggs with tinted shells or poor shell texture should not be 
used for breeders. The use of the trap nest enables one to detect the birds 
that lay undesirable eggs. 

Eggshell texture declines with age and the length of the laying period. 
A breeder may have laid eggs with good shell texture in the pullet year 
and with thin or rough shells in later years. Shell thickness declines to- 
ward the end of the laying year, often becoming quite poor in the late 
summer. Birds should be selected for breeders that lay well during the 
months of August and September, and that produce good shells during 
this period. 

Interior quality. Interior quality of eggs is influenced by breeding as 
well as by management. The percentage of thick white to total white, 
and possibly yolk color, are influenced by the genetic constitution of the 
bird. Hatching eggs should be graded for size and shape, and candled for 
shell texture and interior quality. 


The National Poultry Improvement Plan 

Most states have had some kind of breed improvement programs for a 
number of years. Some have been supervised by state regulatory agencies, 
some by poultry extension service agencies, and others by dues paid by 
members of the association. The programs have lacked uniformity in 
terminology and supervision. 

In 1935 the United States E)epartment of Agriculture established the Na- 
tional Poultry Imprcvement Plan in cooperation with state poultry im- 
provement associations. The objectives of the plan are to improve the 
breeding and production qualities of poultry and to reduce losses from 
pnilorum disease. This is being accomplished by (1) the development of 
more effective state poultry improvement programs; (2) the identification 
or the quality of breeding stock, hatching eggs, and chicks by authorized 
terms that are uniform and applicable in all parts of the country; and (3) 
the establishment of an effective cooperative program through which 
newer knowledge and practical experience can be applied to the improve- 
ment of poultry and poultry products. 

Acceptance of the plan is optional with the states and with individual 
members of the industry within the states. The plan is administered in 
each state by an official state agency, cooperating with the Bureau of Ani- 
mal Industry, United States Department of Agriculture. 

The National Poultry Improvement Plan is divided into two parts; 
breeding stages and pullorum control and eradication classes. 
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Breeding stages. 1. U. 5. Approved Stage: The females are rigidly 
and thoroughly selected once each year for constitutional vigor and for 
egg production, such selected females to combine Standard-bred and pro- 
duction qualities to a reasonably high degree. Males are selected especially 
for constitutional vigor and Standard-bred qualities. The selection of the 
flocks is approved by an ofEcial state inspector. The hatching eggs must 
weigh at least one and eleven-twelfths ounces each, except during the 
months of June through November when they may weigh as low as one 
and ten-twelfths ounces each, or 22 ounces per dozen. 

2. U. S, Certified Stage: These flocks fulfill all the requirements of the 
U. S. Approved flock and are mated to u.s.r.o.p. males. 

3. [/. S, Record of Performance Stage: u.s.r.o.p. females must lay two 
hundred eggs during the first laying year. The eggs must average not 
less than twenty-four ounces per dozen for pullets and twenty-five ounces 
for yearlings or older hens. 

U.S.R.O.P. males must come from u.s.r.o.p. eggs. These weigh twenty- 
five ounces or more per dozen. 

The males and females qualifying for u.s.r.o.p. must be of normal size, 
free of disqualifications, and have the standard characteristics for the breed. 

4. !7. S. Register of Merit Stage: A u.s.r.o.m. male is a u.s.r.o.p. male 
which has at least one-third of his daughters qualify for u.s.r.o.p. and a 
minimum of twenty. 

A U.S.R.O.M. female is a u.s.r.o.p. female which has at least one-third of 
her daughters qualify for u.s.r.o.p. and a minimum of four. 

Pullorum control and eradication classes. 1. U. S, Pullorum-Tested 
Class: All chickens over five months of age to be used as breeders shall be 
tested for pullorum disease under the supervision of an ofl&cial state agency 
and contain fewer than 5 per cent of reactors, the last test being made 
within twelve months immediately preceding the date of sale of hatching 
eggs or chicks from such flocks. Three official pullorum tests are recog- 
nized in the National Plan. These are the standard tube, rapid serum, 
and whole blood-stained antigen tests. The last test is the most practical 
for general use. 

2. U. S. Pullorum-Controlled Class: All flocks shall be tested as de- 
scribed for the U. S. Pullorum-Tested Class and shall contain fewer than 
2 per cent of reactors. 

3. U. S, PuUorum-Passed Class: Flocks shall be tested as described for the 
U. S. Pullorum-Tested Class and shall contain no reactors on the last test. 

4. U. S. Pullorum-Chan Class: The flocks shall be tested as directed for 
the U. S. Pullorum-Tested Class and shall contain no reactors in two con- 
secutive tests not less than six months apart. 



Fig. 60. Selecting birds for the breeding flock; pullorum testing by the whole blood method; 
and banding approved birds. 


Poultry-Breeding Records 

The efficiency of any poultry-breeding program will depend on the com- 
pleteness and accuracy of the records kept. They are essential for selec- 
tion of breeders on the basis of production, reproduction, family and 
progeny performance. The United States Department of Agriculture, in 
cooperation with the state poultry improvement associations, has de- 
veloped a system of records for use in the National Poultry Improvement 
Plan, The simplest breeding records used in connection with the record 
of performance and register of merit stages are (1) the monthly record, 
(2) yearly summary sheet, (3) the breeding-pen record, (4) incubation 
and chick banding report, (5) pedigree index record, and (6) the breed- 
ing-pen progeny record. 

The monthly record. Trap-nesting is costly because it requires about 
twice as much labor to care for birds as if they were not trap-nested. 
Therefore, in starting a poultry breed improvement program, one should 
first have a healthy flock of Standard-bred birds with good flock-produc- 
tion records. 
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Fig. 6!. Trap-nesting. The bird and egg are removed from the nest and the egg recorded 
on the trap-nest record sheet. 


The birds to be trap-nested should be selected from the flock, blood- 
tested, and leg-banded with a sealed band (Fig. 60). The birds should be 
trapped every hour during the morning and every hour or so during the 
afternoon (Fig. 61). When the bird is removed from the nest, the egg is 
recorded on a monthly record sheet (Fig. 62). 

The various characteristics listed at the top and right of the form should 
be recorded in order to supply as much information regarding individual 
layers as possible. 

The monthly record forms are large enough to provide for the record- 
ing of the monthly production of twenty-five to fifty hens. 

The yearly summary sheet. The monthly egg production and char- 
acteristics of each bird are transferred from the monthly record to the 
yearly summary sheet (Fig. 63), and the total production determined for 
the year. Birds to be used in the breeding pen are selected largely on the 
basis of their health, body size, and egg production records, as shown on 
the summary sheet. 

The breeding-pen record. The records of the females used in the 
breeding pen are obtained from the yearly summary sheet and recorded on 
the breeding-pen record (Fig. 64). The record of the male used in the 
breeding pen is obtained from the pedigree index record. 

The females used in the breeding pen are trap-nested. The pen num- 
ber, the leg-band number of the hen, and the date are marked on the 
small end of the hatching egg at the time the hen is released from the nest, 
and the record made on the monthly egg record sheet. 
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MONTHLY EGG RECORD 



Fig. 62. Monthly trap-nest record sheet. 


The incubation and chick-banding report. The male’s record and the 
hen leg-band numbers are taken from the breeding-pen record and re- 
corded on the incubation and chick-banding report (Fig. 65) . A separate 
sheet is used for each breeding pen. If more than six hatches are made 
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Fig. 63. Yearly egg record summary sheet. The monthly records (Fig. 62) are transferred to 
this sheet. 


from a given pen mating during the season, two sheets may be used and 
the totals listed on the second sheet. The chick band numbers list the 
first and last band numbers only. For instance, if five chicks were hatched 
from a hen on a given date and the last band number that had been 
listed was 51, the band numbers of the chicks hatched would be 52 to 56. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

BUREAU OF ANIMAU INDUSTRY 
ANIMAL HUSBANDRY DIVISION 

THE NATIONAL POULTRY IMPROVEMENT PLAN 

U. S. R. O. P. BREEDING PEN RECORD 

1. Mock owner 

(Name) (Address) 

2. Breed and variety Pen No Year 

MALE 

U. S. R. O. P. leg-band number of sire 

V. S. R. O. P. leg-band No 

Wing-band No 

Body weight U. S. R. 0. P. leg band number of dam 

Date hatched Egg production , 

Egg weight 

Body weight 

Fertility and hatchability of eggs from previous season’s matings in which this male was used: Percent fertile 
eggs ; percent fertile eggs hatched 

FEMALES 


U. S. R. 0. p. 

No. 

Winq-BandNo. 

BGQ PKODUCnON 

Eoq Wkjght 

Body Wbiout 

KKMAnsd 



Number 

02. per doun 

Pouude 
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Fig, 64. U. S. R. O. P. breeding pen record used in the National Poultry Improvement Plan. 

It is a good plan to separate the hatching eggs by pen numbers at the 
time they are gathered and by hen numbers in the pen at the time they are 
set (Fig. 66). The number of eggs set from each hen is recorded at the 
time they are set and each hen's eggs are set together in the tray. Some- 
time between the sixteenth and eighteenth day of incubation, the eggs 
should be candled, the infertile eggs recorded, the dead embryos and in- 
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U. $. R. O. P. INCUBATION AND CHICK-BANDING REPORT 



fertile eggs removed, and each hen’s hatchable eggs placed in a separate 
pedigree basket or sack for hatching. 

At hatching time each hen’s chicks are counted, wing-banded (Figs. 67 
and 68), and the numbers recorded on the incubation and chick-banding 
report. 

The pedigree index record. The wing band, pen and dam’s numbers 
are taken from the incubation and chick-banding report and recorded on 
the pedigree index record (Fig. 69). The wing-band numbers are listed 
in numerical order. Spaces are provided for recording the date, season, 
and sex of every chick removed and for the sex and leg band number of 
each bird kept. 

The pedigree index record should be kept in the brooder house and 
each bird recorded at the time of removal. Some breeders go over all of 
the chicks when six or eight weeks old and again at twelve or sixteen 
weeks, as well as at the time of housing (Fig. 70), and cull out and record 
any slow-growing, poorly feathered, or otherwise abnormal birds. 

The breeding pen progeny record. The breeding pen progeny record 
(Fig. 71) is the most important of all the records kept. It shows whether 
or not birds used in the breeding pen are able to transmit desirable char- 
acters to their offspring. 









Fig. 66, A convenient cabinet for holding hatching eggs until placed in the incubator. The 
top of the cabinet has indentations so that eggs may be arranged according to the hen or the 
pen they came from. The two rows of drawers are for holding the eggs from different pens. 
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Fig. 67. Pedigreeing chicks. Each hen^s eggs ore hatched in a separate basket or compart- 
ment. Each chick is wing banded and the wing-band number recorded on the incubation and 
chick-banding report (Fig. 65). 
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Fig. 68. Structure of the wing, showing loccttion of the wing bond. (Cornell Extension Bulle- 
tin 117.) 

The records of the male and dams may be copied from the breeding pen 
and incubation and chick-banding record sheets. 

The records of the female progeny may be obtained from the pedigree 
index record and from the pullet year summary sheet. 

An additional breeding pen progeny record sheet may be used for rec- 
ords of additional dams and the pen average or total listed on the second 
sheet. 

The records of additional female progeny may be provided for by using 
a long page or by using the back of the page. 


Review Questions 


1. Compare the body characteristics of birds with good and poor vigor. 

2. Why should birds that are bred to lay have Standard breed and variety 
characteristics.? 

3. Name two of the most common disqualifications found in Leghorn breed- 
ing flocks. 

4. Differentiate between the characteristics of a bird that Is in production and 
one that is out of production. 

5. Can the egg production of a bird be predicted by its body measurements.? 

6. Why is it harder to select breeders for egg production than for meat 
production? 

7. What are the records of the sibs.? 

8. What is the most practical system of breeding for the average farmer? 

9. What are the dangers of line breeding? 

10. Which practical system of mating gives best fertility? 





UNITED STATES DEPARTMENT OF AGRICULTURE 

BUREAU OF ANIMAU INDUSTRY 
ANIMAU HUSBANDRY DIVISION 


THE NATIONAL POULTRY IMPROVEMENT PLAN 

U. S. R. O. P. PEDIGREE INDEX RECORD 

(For bresden who use »ilatly nuinbcied wing bonds) 



if 






Namt 

Breed arid variety . 


Date hatched . 
Date hatched 


Fig. 69. U. S. R. O. P. index record for use with serially numbered wing bands. 
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Fig. 71!). Inspecting U. S. R. O. P. cockerels, 
and pedigrees approved by the inspector. 


Those approved for breeders will be leg banded 
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united states DEPARTMENT OF AGRICULTURE 

(Rovif^d) 

BUREAU OF ANIMAL. INDUSTRY 
Animal Husbandry Division 

U. S. R. O. P. BREEDING PEN PROGENY RECORD ‘ 
The National Poultry Improvement Plan 


Flock owner Address Year 

Breed and variety — Pen No. Male No. Wing-band No 

Body weight DamVs egg record Egg weight Body weight 
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Fig. 71. The U. S, R. O, P. breeding pen progeny record. 

11. Why are more hens mated with one male among the light breeds than 
among the general-purpose breeds.? 

12. How soon after males are added to the flock may one expect good fertility 
of the eggs? 

13. What lethal genes result in reduced hatchability? 
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14. Why are chicks from hens worth more than those from pullets? 

15. Compare the fertility and hatchability of pullet and hen eggs. 

16. What inherited characters for high egg production are measured by the 
use of the trap nest? 

17. At what age and size should Leghorns start to lay? Rhode Island Reds? 

18. Which is more important at the time of sexual maturity in determining 
egg size — age or body size? 

19. At what time of year is egg size the largest? The smallest? 

20. If a bird lays two hundred eggs in the pullet year, how many may it be 
expected to lay the second year? The third year? 

21. At what season of the year is eggshell texture the poorest? 

22. Compare the shell texture of pullet and hen eggs. 

23. Name a characteristic indicating good interior egg quality that is inherited. 

24. What is the main function of the National Poultry Improvement Plan? 

25. What are the breeding stages in the plan? 

26. Which breeding stage involves progeny testing? 

27. Differentiate between verified and certified flocks. 

28. How many eggs must a bird lay during the first laying year to qualify for 

U.S.R.O.P.? 

29. Differentiate between the size requirements of U. S. Approved and 
U.S-R.O.P. hatching eggs. 

30. Differentiate between pullorum-passed and pullorum-clean flocks. 

31. How old should birds be before they are tested for pullorum? 

32. What tolerance of pullorum infection is permitted in pullorum-tested 
flocks? 

33. What methods of pullorum testing are recognized as official? 
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CHAPTER SIX 


Incubation Principles and 
Practices 

'« 

Incubation practices may be better understood if the principles underly- 
ing them are more thoroughly explained. Those who investigate the fac- 
tors influencing hatchability should have some knowledge of the struc- 
tural and physiological development of the chick embryo. Those who 
operate the incubators should be able to do a better job if they understand 
the development of a baby chick. 

Development of the Chick Embryo 

The development of the chick embryo is a very interesting phenomenon. 

Embryologists are interested in its early development because of the gen- 
eral information about embryology which may be obtained by studying 
the early stages of development of the chick embryo, these stages being 
quite similar to those of the mammals. The poultryman is interested in 
the embryology of the chick because an understanding of its development 
will supply information as to the requirements for incubation, and will 
point the way to better incubation practices.* In twenty-one days remark- 
able changes occur inside the egg. During this time a mass of nutritive 
material is transformed into a complex living organism. 

In discussing the development of the embryo it is well to consider the 
anatomical or structural development as well as the physiological develop- 
ment which the embryo undergoes from fertilization to hatching. 
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Fig. 72. Gastrulation in the pigeon by which the entoderm is formed. Longitudinal section of 
the blastoderm. 


Anatomical Development 

The development which takes place in an egg from the time of fertiliza- 
tion to the time of hatching is one of the wonders of nature which man 
has revealed to himself by the use of the miscroscope. The complexity 
of this development cannot be understood without some thorough train- 
ing in embryology. 

Development before the egg is laid. Soon after fertilization, cell divi- 
sion begins. It continues as long as the temperature of the egg is above 
82° F. and, after hatching, until growth has been completed. As cell di- 
vision progresses the germinal disc spreads out over the yolk, forming the 
blastoderm. The cells are first arranged in a single layer (the ectoderm) 
but they soon form, by invagination or folding under, another layer~r"the 
entoderm. The formation of the entoderm is called gastrulation (Fig. 72) . 

Development during incubation. After the fertile egg is laid, em- 
bryonic development proceeds when the egg is held where the tempera- 
ture is higher than 82° F. The two primary germ layers (ectoderm and 
entoderm) are usually formed by the time the egg is laid, and the third 
layer (mesoderm) is formed soon thereafter if a suitable incubation tem- 
perature is maintained (Fig. 73). From these three primary germ layers 
the different parts of the embryo develop. The skin, feathers, beak, claws, 
nervous system, and the linings of the mouth and vent develop from the 
ectoderm. The entoderm gives rise to the respiratory and secretory organs 
and the linings of the digestive tract. The bones, muscles, blood, excretory 
and reproductive organs have their origin in the mesoderm. 

Structure of the chick embryo during the first twenty-four hours of in- 
cubation. The primitive streak is visible after about sixteen hours of incu- 
bation in the incubator. Thereafter development proceeds rapidly, many 
new organs arising between the sixteenth and twenty-fourth hours of in- 
cubation. The head of the embryo becomes differentiated; the fore-gut is 
formed; four somites are visible; the blood islands, which later develop into 
a blood system, appear in the area vasculosa; the neural fold arises which 
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FROM “DEVELOPMENTAL ANATOMY” BY L. B. AREY. BY PERMISSION OF W. B. SAUNDERS CO., PUBLISHERS 

Fig. 73. Transverse sections of a chick embryo at the stage of the primitive streak/ showing 
the primary germ layers: k, through the primitive knot; B, through the primitive groove. 


later forms the neural groove; and the coelom and the pericardial regions 
make their appearance (Fig. 74). 

Development of the chick embryo during the second day. The neural 
fold closes, forming the neural groove, the anterior part of which develops 
during the second day into the different parts of the brain: the forebrain, 
midbrain, and hindbrain. The heart is formed during this period and 
by the forty-fourth hour of incubation has begun to beat. Two distinct 
circulatory systems are established, one within the body of the embryo and 
the other the vitelline circulation extending out from the heart into the 
egg. The eye and the auditory pits of the ear begin to develop. 

The extra-embryonic membranes, the yolk sac, amnion, allantois, and 
serosa begin developing during the second day. The yolk sac will later 
envelop the entire yolk which serves as a source of food material for the 
embryo and the newly hatched chick. A considerable portion of the yolk 
remains to be taken into the body cavity of the chick shortly before hatch- 
ing* 

The amnion is formed during the second and third days of incubation. 
The amniotic fluid fills this cavity and surrounds the embryo also en- 
closed in the amnion. The embryo is thereby protected from shocks 
and possibly adhesions. The serosa, which is formed at the time the 
amnion is formed, surrounds the other extra-embryonic membranes, lies 
next to the shell membranes, and later fuses with the allantois. 

Structure of the four-day-old chick embryo. By the end of the fourth 
day of incubation the embryo has all of the organs needed for its develop- 
ment and most of the parts of the chick can be identified. However, the 
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embryo cannot be distinguished from that of mammals. The allantois 
appears during the third day of incubation as an evagination of the 
hind-gut. The allantois later surrounds the entire egg contents and fuses 
with the serosa to form the chorion. The capillaries of the allantois there- 
fore come in contact with the shell membrane. The allantois serves as a 
respiratory and also as an excretory organ for the embryo. The allantois 
circulation is also a medium by which nutrients from the albumen and 
calcium from the shell are carried to the embryo. 

The leg and wing appendages are now visible as limb buds. The tail 
has made its appearance. Five divisions of the brain can be located. The 
spinal nerve roots have begun their development. The lens of the eye, 
the auditory vesicles, and the olfactory pits are visible. The heart has not 
been enclosed inside the body and can be observed to beat if the egg is 
opened. The other internal organs have already begun their development. 

The embryologist is not interested in the development of the chick 
embryo beyond the fourth day because from there on only growth takes 
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^ Fig. 76. Daily embryonic mortality, in per cent of fertile eggs, within a high ( ) and a 

lov/ ( ) hatching line of White Leghorns. (Frorn Bronkhorst.) 

place. For him the important story is ended, but the poultryman con- 
tinues to be interested because his objective in incubation is a well-hatched 
chick and he needs to know more about the development which occurs 
throughout the entire period of incubation. 

By the sixth day the main divisions of the wings and legs are visible. 
The feather tracts appear on the eighth day and by the ninth day the 
embryo has a birdlike appearance. On the thirteenth day the color of the 
chick down may be observed. By the sixteenth day the beak, nails, and 
scales are well formed. The supply of albumen is now about exhausted 
and therefore the yolk serves as the sole source of nutrients, several 
stages in the development of the embryo of the chick are shown in Fig- 
ure 75. 

Hatching, On the seventeenth day the fluid in the amnion begins 
to decrease. The yolk is drawn into the body cavity on the nineteenth 
day. The beak soon thereafter pierces the air cell and pulmonary respira- 
tion begins. The normal position of the chick for hatching is with the 
head under the right wing, in the large end of egg, and the legs drawn up 
towards the head. Two special mechanisms, the horny cap on the upper 
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mandible and muscles on the back of the neck, are developed for hatching 
the chick. The horny cap serves as an instrument for pipping the shell 
and the enlarged muscles on the neck supply the power for pipping. 
The allantois, having served its function as a respiratory and excretory 
organ during embryological development, is no longer needed and ap- 
pears in the shell at hatching as a dried up membrane filled with blood 
vessels. 

Critical stages in incubation* There are definite stages in the develop- 
ment of the chick embryo when mortality is highest. These stages occur 
in chickens during the first and third weeks. As early as 1919 Payne 
determined the daily embryonic mortality in chicken eggs. He found 
that of the total mortality 16.2 per cent occurred on the fourth to sixth 
days, and 48.7 per cent occurred from the eighteenth to twenty-first days. 
Bronkhorst at Cornell University has determined the daily distribution of 
embryonic mortality in high and low hatching lines as shown in Figure 
76. A satisfactory explanation of the critical stages has not been given but 
it will probably be found in the physiological changes which occur in these 
embryos during the first and third weeks. Much of the mortality which 
occurs at the end of the incubation period can be attributed to abnormal 
embryo positions which are caused by inheritance as well as environmental 
factors and feeding. The early embryonic mortality may arise from the 
efforts of the embryo to shift its source of energy from a simple compound 
(glucose) to a more complex substance (protein), which requires deami- 
nation. 

Abnormal embryo positions. Embryos assume positions in the shell 
from which apparently they cannot hatch. These abnormal positions are 
probably caused by inheritance, deficient rations, and faulty incubation. 
The more common embryo positions have been listed by Asmundson as 
follows : 


Classification of Embryo Positions 

A. Head in large end of egg 

1. Head turned right and beak under right wing 

2. Head turned right but beak not under right wing 

3. Head turned right but away from air space 

(a) beak under wing 

(b) beak not under wing 

4. Head buried between thighs 

5. Head turned left and beak under the left wing 

6. Head turned left but beak not under the left wing 

7. Feet over the head (resting on the head) 
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(a) beak under right wing 

(b) beak not under right wing but turned right 

(c) beak under left wing 

(d) beak not under left wing but turned left 
B. Head in small end of the egg 

1. Head turned right and beak under the right wing 

2. Head turned right but beak not under the right wing 

4. Head buried between the thighs 

5. Head turned left and beak under the left wing 

6. Head turned left but beak not under the left wing 

7. Feet over the head (resting on the head) 

(a) beak under the right wing 

(b) beak turned right but not under the right wing 

(c) beak under the left wing 

(d) beak turned left but not under the left wing 

Note: Beak not under wing indicates that the beak was either in front of 
the wing, resting on the wing, or its tip, or that it was back of the wing and 
resting on the thigh. In the case of embryos with head in the large end and 
in positions 1, 2, and 7a and b, the head was towards the air cell. 

Asmundson not only observed the position at hatching time of chicken 
embryos which had failed to hatch, but he also observed and classified 
embryo positions in turkeys, pheasants, and partridge. The most common 
malpositions he observed in eggs which failed to hatch were, in the order 
of importance, in chickens — ^A2, A4, A6, and Bl; in Ringneck pheasants — 
A2, A4, A7a, and Bl; in Chukar partridge — A2, A4, A7b, and B4; and in 
turkeys — ^A2, A4, A5, and Bl, 


Physiological Development of the Chick Embryo 

The poultryman, as well as the physiologist, is interested in the physi- 
ology of the embryo and the physiological changes which occur during 
incubation. A more thorough understanding of these phenomena may 
help solve some of the problems of incubation. 

General metabolism of the embryo. Under the heading of general 
metabolism, pH changes and water metabolism may be considered. Ag- 
gazzotti in 1913 reported the measurements he had made of the pH 
changes which occurred during the process of incubation. He found that 
the hydrogen ion concentration of unincubated eggs remained fairly con- 
stant, but that when fertile eggs were incubated the pH changed con- 
siderably. Before incubation the yolks had a pH of 4.5 and the whites a 
pH of 8.3. During incubation the pH of the yolks rose steadily to a pH 
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o£ 6 about the tenth day and neutrality (pH7) by the sixteenth day. The 
pH of the white decreased regularly to neutrality on the tenth day and a 
pH of 6 on the fifteenth day of incubation. The allantoic liquid re- 
mains nearly neutral and the amniotic fluid remains neutral until the 
eleventh day, after which it becomes decidedly acid in reaction. 

The relative water content of chick embryos decreases from about 94 
per cent on the fifth day to about 80 per cent at hatching time. The egg 
of the domestic fowl loses water by evaporation at a constant rate (about 
5 per cent weekly) during the process of incubation, the rate being 
governed by the relative humidity of the atmosphere of the incubator 
and the physical characteristics of the egg. During the first ten days water 
passes from the white into the yolk, the water content of the white de- 
creasing and that of the yolk increasing. From the tenth day until hatch- 
ing the yolk loses water, and by the twenty-first day the water content is 
about the same as that of the yolk of a fresh-laid egg. 

Energy for embryonic development. The chick embryo requires 
energy for its development. The sources of energy for the developing 
embryo are, in the order of their usage, carbohydrates, proteins, and fats. 
Needham says: 

It is possible that carbohydrate is first combusted because it requires no 
preparation. Proteins must be deaminated, fats must be desaturated, and 
probably the embryo in its earlier stages cannot do either of these things, 
but, on the other hand, glucose lies ready for use, and it is significant that 
what is combusted is free, not combined, carbohydrate. There is already 
evidence that the power of desaturation of fats only arises at the comparatively 
late stage of development, e.g., the tenth to the fifteenth day in the chick. 
And we may look on the unsaturated fatty acids which are notably present 
in the yolk as a preparation for these conditions. 

Carbohydrate metabolism. Though the egg contains only a small 
amount of carbohydrate material and this is used throughout the incuba- 
tion period, it is the chief source of energy during the early development 
of the embryo. The carbohydrates found in the chick embryo during 
the early stages are very largely glucose in combination with protein. 
During the first week glycogen increases outside the embryo and free 
sugar increases within the embryo. During the second week the free 
glucose continues to increase and the glycogen of the yolk sac increases. 
Between the seventh and eleventh days some fat is transformed into car- 
bohydrates by the embryo. By the tenth day the pancreas is secreting in- 
sulin. Beginning at about the eleventh day the liver is able to store 
glycogen. 


150 


POULTRY 


Fat metabolism. Fat is not utilized by the embryo until after the fifth 
day of incubation and it is not deposited in the embryo until after the 
tenth day. Fat serves as an important source of energy for the embryo, 
particularly during the later stages of development when most energy is 
needed. About 99^ per cent of the fat of the egg is contained in the egg 
yolk. About one-third of the fat of the egg is lost by combustion and the 
other two-thirds is transferred to the embryo. 

Protein metabolism. The proteins of the embryo are derived from the 
proteins of the egg. A number of investigators have shown the decrease 
of the different amino acids in the egg white and yolk during incubation 
and the increase of these amino acids in the embryo as it develops. The 
amino acids essential for embryonic development must be present in the 
white and yolk of the egg. Those which have been identified are trypto- 
phane, tyrosine, histidine, arginine, lysine, and cystine. 

The percentage of nitrogen excreted by the chick embryo in different 
forms are ammonia 1 per cent, urea 7.6 per cent, and uric acid 91.4 per 
cent. During the first week the nitrogen is excreted principally as am- 
monia and urea, but after the first week it is excreted almost entirely as 
uric acid, which is the form in which the adult bird excretes nitrogen. 

Mineral metabolism. A number of investigators have worked on cal- 
cium metabolism in the hen’s egg during the process of incubation. It 
has been shown that in fertile eggs which are incubated the shell loses 
calcium and that the calcium content of the interior of the egg increases. 
This change occurs only when an embryo is developing in the egg. More 
calcium is transferred from the shell to the embryo when the relative 
humidity is high than when it is low. The transfer of calcium from the 
shell to the embryo is also influenced by the amount of vitamin D present 
in the egg. 

Phosphorus is an important constituent of the embryo. Most of the 
metabolism of phosphorus occurs after the fifteenth day of incubation and 
is associated with bone formation. 

The sodium, potassium, and chlorine content of the white decrease 
throughout the incubation period, while the quantity of these elements 
present in the embryo increases steadily. In the yolk these elements in- 
crease until the seventh day and then decrease, thus indicating a greater 
movement of these elements from the white to the yolk during the first 
week than from the yolk to the embryo. All rninerals needed by the chick 
embryo are obtained from the egg. 

Enzymes in embryonic development. Enzymes play an important 
part in the development of the chick embryo, reducing substances of the 
egg to less complex structures so that they may he utilized by the develop- 
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ing embryo. Some are present in the egg and others are secreted by the 
embryo. 

Hormones in chick development Very little is definitely known about 
the function of hormones in the development of the chick embryo. Most 
of the hormones are not present in the freshly laid egg but are found 
after the endocrine glands develop to a stage where they are capable of 
secreting them. Insulin and the estrogenic hormone are present in the 
yolk of the freshly laid egg. This yolk insulin may play an important 
part in carbohydrate metabolism before the insulin-secreting cells of the 
pancreas become functional. After the eleventh day the embryo is capable 
of insulin secretion. Adrenalin, which is secreted by the adrenal glands, 
is first formed in the embryo on the eighth day of incubation. 


Factors Influencing Hatching Results 

The incubation of an egg is a complex biological process influenced by 
a large number of factors, many of which man does not know or under- 
stand. Hatching results depend not alone upon proper incubation but 
upon the breeding stock and its management as well as the care the eggs 
receive from the time they are laid until they are set. Research W'orkers 
are adding to the store of existing knowledge on this subject and, as in 
many other scientific fields, it is necessary for those interested in incubation 
to read and evaluate the reports continually being issued on this subject. 

Breeding Stock 

Those factors associated with the care and management of the breed- 
ing stock may be considered first because they influence the inherent 
hatching properties of the egg and are therefore of prime importance. 

Inheritance. Hatchability of eggs of the domestic fowl has been shown 
to be an inherited characteristic and therefore amenable to the laws of 
heredity. Those hens which possess the ability to lay eggs which hatch 
well also have the power to transmit this character to their offspring 
(Table 20). Therefore, by following proper breeding procedure poultry 
breeders can establish high-hatching families and strains. 

Lethal genes which cause the death of chick embryos have been re- 
ported in at least six different strains of poultry. The first of these was 
found in Wyandottes at the Storrs Agricultural Experiment Station in 
1923. Since then lethal genes have been found in the Creeper chicken, 
crosses between Barred Plymouth Rocks and Rhode Island Reds, Dark 
Cornish, and two strains of White Leghorns. These genes are lethal only 


152 


POULTRY 


Table 20 


THE DIFFERENCE IN HATCHABILITY BETWEEN GROUPS OF DAUGHTERS, THE 
COMPOSITION OF THE GROUPS BEING DETERMINED BY THE 
HATCHABILITY OF THE DAMS, IN WHITE LEGHORNS ^ 


Range in Per Cent 
Dams’ Hatchability 

Number of Dams 

Mean Per Cent 
Dams’ Hatchability 

Number of 
Daughters 

Mean Per Cent 
Daughters’ 
Hatchability 

74.0-94.5 

36 

81.24±0.36 

62 

63.40zbl.92 

53.0-73.5 

24 

64.36dz0.76 

43 

52.33dzl.94 

Difference 


16.88zb0.84 


lL07dz2.73 


when they are present in the homozygous condition and therefore have$ 
been inherited from both parents. The maximum embryonic mortality 
which could result from such inheritance would be 25 per cent. 

Inbreeding where no specific selection for hatchability has been prac- 
ticed has resulted in lowered hatchability (p. 108). But at the Iowa Agri- 
cultural Experiment Station, where in inbreeding experiments selection 
was made for high hatchability, satisfactory hatchability was maintained 
in inbred lines. Crossing breeds or inbred lines tends to increase hatch- 
ability, particularly if the strains being crossed have relatively low hatch- 
ability. This is one of the expressions of hybrid vigor. 

Matings. The matings are likely to influence fertility (p. 110) and 
thereby the percentage of hatch of all eggs set. 

Age of breeding stock. Hens are generally recommended as more de- 
sirable for breeding purposes than pullets. The hen has proved her ability 
to survive and if she has been in a flock which is trap-nested she has a 
known production record, whereas these qualities in the pullet are un- 
known. It should be noted, however, that more chicks can be produced 
from a given number of eggs laid by pullets than from a similar number 
of eggs produced by hens. 

Some hatcherymen have abandoned the use of cock birds for use in 
hatchery supply flocks where chicks are desired during the winter and 
early spring months. Cockerels produce a much higher percentage of 
fertile eggs than do old males, especially during cold weather. The 
breeder who is doing progeny testing should use valuable males as long 
as they retain their vitality. 

Egg production. The experimental evidence which has been collected 
on the relationship of egg production and hatchability shows that those 
birds which lay well also produce eggs which hatch better than eggs laid 


Jull, 1930. 



RELATION OF POSITION OF EGG IN THE CLUTCH TO HATCHABILITY OF ALL FERTILE EGGS SET 
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Fig. 77. Relationship between percentage hatchabillty and aver- 
age egg weight per bird, based on the records of 367 hens and 
for one hatching season. (From Godfrey.) 


by poorer producers 
(p. 113). The Mis- 
souri Agricultural 
Experiment Station 
has shown, as indi- 
cated in Table 21, 
that eggs laid in mul- 
tiple egg clutches 
(three to six consec- 
utive eggs) hatch 
better than eggs laid 
in one or two egg 
clutches. Since both 
high egg production 
and good hatchabil- 


ity may be considered as measures of vitality, it appears logical that these 
two traits should be associated. 


Physical Characteristics of Eggs 

A number of investigations have been made for the purpose of determin- 
ing the relationships between physical characteristics of eggs and hatch- 
ability. The earlier work was on exterior characteristics but more recently 
studies have been made on the relation of certain interior characters and 
hatchability. 

Exterior characteristics. Several investigators have found that medium- 
sized eggs weighing from twenty-three to twenty-six ounces per dozen 
hatch better than do larger or smaller eggs (Fig. 77). What experimental 
evidence there is available indicates that shape of egg within marketable 


22 

RELATION OF SHELL TEXTURE AND HATCHING RESULTS ^ 


Year 

Shell Texture 

Eggs Set 

Percentage Hatch 

All Eggs 

Fertile Eggs 

1931 

Good 

1011 

54.8 

67.1 


Poor 

336 

60.0 

72.2 

1933 

Good 

1797 

59.0 

76.3 


Poor 

925 

57.1 

77.4 


^Mo. Agr. Expt. Sta. Bui. 341. 
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limits is not related to hatchability, but since egg shape is an inherited 
characteristic, all eggs abnormally shaped should be discarded and not 
used as hatching eggs. 

Shell texture. The mottled appearance o£ the egg shell as observed by 
candling does not appear to be related to hatching results, as will be 
observed in Table 22. Mottling is not necessarily an indication of porous 
egg shells. The California station found that an uneven distribution of 
moisture in the egg shell would cause mottling. Poor shell texture re- 
sulting from a deficiency of calcium or vitamin D would, of course, be 
associated with low hatchability. 

Interior quality. There is some evidence that the color of the egg yolk 
is associated with hatchability. Since the richer-colored yolks generally 
contain more vitamin A than the light-colored yolks, the increase in 
hatchability associated with increased yolk color could be an effect of 
vitamin A, 

Some observations made at the Missouri Agricultural Experiment 
Station and at Ohio State University (Table 15) indicated that those eggs 
which showed the most rapid movement of interior contents when 
rotated before an egg candler did not hatch so well as eggs which showed 
less movement. Workers at Cornell University have reported that hens 
which lay eggs that have a low albumen score hatch better than eggs 
which have relatively high scores. Thus it appears that good albumen 
quality and high hatchability are associated. 

Testing hatching eggs before incubation. The testing of eggs before 
regular incubation for fertility, sex, etc., has been advocated from time 
to time but most of the claims made have been discredited. Recently 
some progress has been made on such tests. The National Agricultural 
Research Center has reported that fertility can be detected in eggs which 
have been incubated for fifteen hours or longer by candling the eggs with 
a strong daylight bulb. The application which the industry will make 
of this test will likely depend upon the price of eggs. Prices which have 
recently prevailed during the hatching season have not justified its use. 
Observations made at the National Agricultural Research Center also 
show that by tapping eggs for checks or cracks and by candling eggs for 
tremulous air cells, eggs can be separated into groups which have signifi- 
cantly different hatchability. Results reported in 1940 by the Central 
Experimental Farm of Canada show that eggs having high specific 
gravity hatch better than eggs which have a low specific gravity. Leghorn 
eggs which had a specific gravity above 1.086 and Barred Plymouth Rock 
eggs which had a specific gravity above 1.078 hatched from 15 to 20 per 
cent better than eggs having lower specific gravity. The specific gravity 




INCUBATION 


157 


o£ a fresh egg depends almost entirely on the proportion of shell. 

Nutrition. Unless the egg contains all of the essential materials for 
developing and hatching a normal chick, it will fail to hatch. The chick 
embryo must obtain everything necessary for its development, except air, 
from the egg itself. All of the nutrients needed for developing the chick 
embryo must be placed in the egg by feeding the breeding stock. An 
influence of the presence of a toxic substance in the ration on embryo de- 
velopment is shown in Figure 78. 

Weather conditions. Every experienced hatchery operator knows that 
his hatches are greatly influenced by weather conditions. There are sev- 
eral ways in which the weather affects hatching results, but at this point 
only its effect on the breeding stock will be considered. Severe “cold 
waves” which often sweep over the United States during the winter 
months freeze the combs and wattles of the breeding stock and reduce 
the fertility of eggs laid during the second and third weeks following the 
cold weather. Since the hatchability of fertile eggs is also reduced by 
these “cold waves,” it appears that the metabolism of the bird may be an 
important factor affecting hatchability. 

Care of Hatching Eggs 

The hatchability of eggs containing all the materials required for chick 
development can be completely destroyed by improper care. 

Temperature. The hatchability of an egg can be destroyed by holding 
it either at too high or too low a temperature. During cold weather eggs 
intended for hatching purposes are frequently held at temperatures in- 
jurious to their hatchability. While eggs may be held at relatively low 
temperatures for some time, there are definite limits beyond which one 
does not dare go if satisfactory hatchability is to be secured, as indicated 
by the results shown in Table 23. However, the Maryland Agricultural 
Experiment Station in 1945 reported results which showed that tempera- 
tures of 32° F. and 38 °F. for one to seven days were not detrimental to the 
hatchability of eggs laid by New Hampshires. 

The ideal holding temperature appears to be a constant temperature 
somewhere between 50°F. and 60°F. The Kansas State Agricultural Col- 
lege found that Leghorn eggs held at 54°F. maintained excellent hatching 
quality for as long as twenty days. 

Temperatures above 82°F. are not satisfactory for holding hatching 
eggs, because slow embryonic development occurs which weakens the 
embryos and results in high embryonic mortality during pre-incubation 
and during incubation. Hatcheries located where high summer temper- 
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attires prevail usually get relatively poor hatches during this period. 
Holding eggs at high temperatures contributes to these poor results. 

Before eggs are placed under regular incubation, considerable develop- 
ment of the chick embryo frequently occurs because the eggs are sub- 
jected to conditions suitable for such development. That the incubation 
process is cumulative and that any pre-incubation shortens the regular 
incubation period an equivalent amount is shown by Table 24. Pre-incu- 
bation of eggs beyond the equivalent of fourteen to eighteen hours of 
regular incubation is harmful to hatching results (Table 25). This offers 
one explanation of the relatively poor hatches which usually occur during 

Table 23 


EFFECT OF LOW TEMPERATURES BEFORE INCUBATION 
ON HATCH ABILITY. 1931^ 


Time held aTi 
32°F. TO 3S°F. 

Eggs Set 

i 

Percentage 

OF 

Infertile 

Percentage 
OF Dead 
Embryos 

Chicks 
Hatched j 

Percenta 

All Eggs 

•GE Hatch 

Fertile Eggs 

6 

194 i 

9.8 

21.6 

133 

68.6 i 

76.0 

12 

131 

11.5 

20.6 

89 

67.9 

76,7 

48 

105 1 

9.5 

17.1 

• 77 

73.4 

81.1 

96 

193 

31.1 

23.8 

87 

45.1 

65.4 

120 

58 

12.1 

51.7 

21 

36.2 

41.2 

144 

78 

48.7 

48.7 

2 

2.6 

S.O 

168 

59 

35.6 

64.4 : 

0 

0 

0 

192 

63 

31.7 

68.3 

0 

0 

0 

Controls * 

752 

I 

9.0 

20.1 

533 

1 

70.9 

77.9 


* The controls were held In a basement at a temperature of 45'’-60°F. The other eggs were held in an electric 
household refrigerator where the temperature varied from 32°?. to 38®F. 


Table 24 

EFFECT OF PRE-INCUBATION TEMPERATURE UPON THE 


LENGTH OF THE INCUBATION PERIOD. SETTING 

MADE APRIL 6, 1934 ® 


Time Held After 
Laying at 101 ®F. 
Before Cooling 

Regular Incubation 

Total Hours of 
Incubation 

Number Chicks 

Hours 

Hours 



0 

532 

532 

54 

6 

523 

529 

64 

12 

519 

531 

61 

18 

514 

532 

39 

24 

498 

522 

39 


^Ibid. 
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the summer months when eggs are held at temperatures well above 80° F. 

Age of egg. The length of time eggs can be held without reducing 
their hatching power depends somewhat upon the environmental condi- 
tions which prevail. Work at the Missouri Agricultural Experiment 
Station (Table 23) showed that eggs held as long as seven days in a 
household refrigerator where the temperature varied from 32 °F. to 38 °F. 
failed to hatch, and that the hatchability of eggs held under these condi- 
tions for ninty-six hours was lowered. Eggs cannot be held so long 
either at high or low temperatures as at optimum (50°F. to 60°F.) tem- 
peratures without reducing hatchability. 

Table 25 


EFFECT OF PRE-INCUBATION OF EGGS ON HATCHING 
RESULTS. EGGS LAID APRIL 13~20 

AND set'april 21, 1934 ^ 


Time Held at lOUF. After ! 
Laying Before Cooling 

Eggs Set 

Percentage Hatch 
of All Eggs 

0 hours 

85 

64.7 

6-8 hours 

88 

72.7 

12-14 hours 

89 

68.5 

18-20 hours 

84 

46.4 

24-26 hours 

82 

47.6 


Observations made at the Kansas Agricultural Experiment Station 
showed that by holding eggs at a relatively constant temperature (54.2° ± 
.26°F.), hatchability was not reduced when Leghorn eggs were held as 
long as twenty days and turkey eggs were held as long as twenty-eight 
days. Work at the Missouri Agricultural Experiment Station showed 
that when chicken eggs were stored in a basement room where the tem- 
perature varied from 45°F. to 60°F., hatchability was lowered after two 
weeks and was completely destroyed after four weeks (Table 26). 
Hatcherymen find that best results are obtained when the eggs from each 
flock are set once each week during the regular hatching season and more 
often during the summer months. 

Handling. Excessive shaking or j arring of eggs is detrimental to hatch- 
ability. Results obtained at the National Agricultural Research Center 
showed that eggs with tremulous air cells had a hatchability of 56.5 per 
cent as compared to a hatchability of 77.3 per cent for eggs with normal 
air cells. Their results also showed that eggs jarred with the small end 
down hatched as well as eggs which were not jarred, but that eggs which 
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were jarred with the large end down developed tremulous air cells and the 
hatchability was decreased more than 20 per cent. Eggs which are being 
saved for hatching purposes should be packed in cases with the small end 
down. 

Turning. It is considered good management to turn eggs which are 
intended for hatching purposes if they are held for more than one week. 


Table 26 

EFFECT OF AGE OF EGG ON HATCHABILITY— 1933 ^ 


Age OF Egg 

When Set 

Eggs Set 

Infertile 

Hatched 

Percentage Hatch 

All Eggs 

Fertile Eggs 

1-7 days 

3253 

816 

1856 



Per cent 


25.1 


57.1 

76.2 

8-14 days 

930 

206 

536 



Per cent 


22.2 


57.6 

74.0 

15-21 days 

109 

27 1 

53 



Per cent 


24.8 


48.6 ' 

64.6 

22-28 days 

61 

36 

8 



Per cent 


59.0 


13.1 

32.0 

29-31 days 

19 

19 




Per cent 


100 


0 



It is not necessary to turn hatching eggs which are being held for one 
week or less. A simple way to facilitate turning is to place the eggs in a 
case with the small end down and tilt the case daily by placing a block 
under one end of the case. 

Cleaning soiled eggs. Valuable hatching eggs which become soiled 
should be cleaned before they are placed in the incubator. However, eggs 
must be badly soiled before hatchability will be affected. It is sometimes 
noted rhat eggs showing some dirt on the shells hatch better than eggs 
which are strictly clean. This is true because some soiled eggs may indi- 
cate that the birds have access to outside runs where they may be exposed 
to direct sunshine and have an opportunity to eat some green feed. 
Eggs may be cleaned by scraping the dirt from the shell or by washing. 
Tests made at the Missouri Agricultural Experiment Station showed that 
dirty eggs washed with either warm water or a 1 per cent solution of lye 
water hatched satisfactorily. 


Ibid. 
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Requirements for Incubation 

Four environmental conditions are necessary for successful incubation: 
proper temperature, adequate ventilation for respiration, sufficient humid' 
ity, and correct position of the eggs. For best results each of these condi- 
tions must be controlled and kept within definite limits. The sciences of 
physics and engineering have developed modern incubators which make 
possible intelligent control of the environment of the egg during incuba- 
tion. 

Temperature. Investigators have attempted to establish the correct oper- 
ating temperature for incubators by determining the temperature at which 
eggs are kept when incubated naturally. Since the body temperature of 
hens varies from hen to hen and for individual hens during the day, the re- 
sults obtained have not been uniform. Electric resistance thermometers 
were used at the Montana Agricultural Experiment Station for determin- 
ing the temperature of the egg during natural incubation. That station re- 
ported in 1925 that in natural incubation the average temperature at the 
top of the egg on the outside of the shell was 1023 ‘^F. The temperature 
at the bottom of the egg was from fifteen to eighteen degrees lower during 
the first few days of incubation, but during the last few days of incubation 
it was only ten to twelve degrees lower. At the Missouri Agricultural 
Experiment Station in 1936 an attempt was made to measure by means 
of a thermocouple the temperature of the egg between the shell and shell 
membranes at the top and bottom of eggs being incubated naturally. 
These results, as shown by Figure 79, indicate that soon after the hen goes 
on the nest that portion of the egg near the germ spot is warmed; and after 
a few hours the bottom of the egg may be only 10 °F. lower than the top 
of the egg. For determining the temperature of the incubating egg, tem- 
peratures taken beneath the shell are more satisfactory than temperatures 
taken outside of the shell. 

It is a popular notion that the temperature of broody hens is higher 
than that of nonbroody hens. Investigations, however, show that this is 
not the case. The internal body temperature of the broody hen is usually 
lower than that of the nonbroody hen. Anyone who handles broody 
hens which have been broody for some time will observe that they have 
few feathers on the breast and that the breast appears quite warm. The 
loss of feathers from the breast facilitates the warming of the eggs by the 
broody hen; and for ability to transmit heat to the egg the broody hen, 
no doubt, excels the nonbroody hen. Poultrymen observe this condition 
and conclude that the temperature of the broody hen is higher than that 
of the nonbroody hen. 
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Fig. 79. The temperature between the shell and shell membranes cf an egg soon after being 
placed under a broody hen. 


While the difference in temperature between the top and bottom of an 
egg incubated under a hen may be 10 °F. or more, the difference in the 
temperature at similar positions in an incubator may be only 4°F. in 
still-air machines and the same temperature in forced-draft incubators. 
Since humidity and ventilation influence temperature requirements, the 
application to artificial incubation of knowledge gained of temperature 
under natural incubation is rather limited. The most valuable contribu- 
tions have therefore been made by those who have incubated eggs under 
controlled artificial conditions and determined the response of the embryos 
to definite experimental conditions. 

The Purdue Agricultural Experiment Station investigated the effect 
of temperature on the occurrence of dead embryos in still-air incubators. 
The investigators reported best hatching results when eggs were incubated 
for three weeks at lOT^F. when the bulb of the thermometer was T /2 
inches above the bottom of the egg tray. When the temperature was 
lowered to lOO'^F. or lower, or raised to lOS^F. or higher, the percentage 
of dead embryos was greatly increased. The National Agricultural Re- 
search Center has investigated the temperature requirements for eggs in- 
cubated in machines where the relative humidity was 60 per cent, the 
concentration of oxygen 21 per cent, the concentration of carbon dioxide 
less than Q.5 per cent, and air movement 12 cm. per minute. Under these 
conditions it was found that a temperature of 100°F. gave the best hatch- 
ability. The work of Barott (Figs. 80 and 81) shows quite clearly the 
detrimental effects on hatchability of both high and low temperatures. 
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Fig. 80. Effect of temperature of incubation on percentage of fertile eggs hatched—relative 
humidity 60 per cent, oxygen 21 per cent, carbon dioxide below 0.5 per cent. (Barott, 1937.) 


That the temperature requirements are not the same throughout the incu- 
bation period is indicated by work reported by Cornell University in 1936, 
which showed that by lowering the temperature as much as during 
the last few days of incubation, hatchability was increased and the quality 
of the chicks was improved. 

Both high and low temperatures result in abnormal development and 
reduced hatchability. High temperatures at first accelerate but later 
retard the rate of growth and the CO 2 output, while low temperatures 
retard growth and reduce the output of CO 2 . Low temperatures cause an 
early mortality peak, while both high and low temperatures cause heavy 
mortality on the nineteenth and twentieth days of incubation. The total 
length of the incubation period in a forced-draft incubator may be varied 
from nineteen to twenty-four days by incubating eggs at temperatures 
from 103.5°F. to 96°F. By incubating eggs in a still-air machine at 95°F., 
hatching may be delayed until the twenty-eighth day. Best hatches are 
produced, however, when the chicks hatch on the twenty-first day of in- 
cubation. In commercial hatchery operation it is desirable that all chicks 
be out of the incubators by the end of the twenty-first day so that settings 
may be made on a three-weeks’ schedule. 
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DAY OF INCUBATION 

Fig. 81. Effect of incubation temperature on the time of hatching chicken eggs. (Barott, 
1937.) 

It should be noted that satisfactory hatches are often obtained with farm 
incubators though the temperature may have run up to 108°F. or llO^F. 
for a short time. These results may be explained on the basis that such 
temperatures did not prevail long enough for the embryos to be heated to 
such high temperatures. 

Cooling eggs. For many years after the advent of the small farm-type 
incubator, cooling eggs during incubation to duplicate the conditions 
which prevail when the hen leaves the nest was generally recommended- 
Poultrymen believed that removing the eggs from the incubator and cool- 
ing the eggs improved hatching results and in many cases this belief was 
well founded. Most manufacturers of the early farm incubators recom- 
mended operating temperatures which were higher than those later found 
to be optimum, and as a result of cooling the average incubating tempera- 
ture was reduced and the hatch was thereby improved. It has been dem- 
onstrated by commercial hatcherymen that cooling eggs is not essential 
for successful hatching when the incubators are properly ventilated and 
operated at the correct temperature. 

The effect of prolonged cooling on the hatchability of eggs is of interest 
to the hatchery industry because occasionally storms and floods cause 
electric current interruptions to the hatcheries. The California Agricul- 
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tural Experiment Station investigated the effect of a twelve-hour electric 
current interruption on hatching results where the room temperature was 
approximately 70°F. This station reported in 1933 that such interruptions 
(twelve hours) on one day during the incubation period reduced the 
hatch 3.4 per cent and increased the number of unsalable chicks from 1.8 
per cent to 3.4 per cent. These results show that electric current interrup- 
tions for several hours do not seriously affect hatching results. During 
current interruptions the temperature in the top of the incubator may go 
too high. 

Humidity. While humidity in the incubator may vary considerably 
without reducing hatching results appreciably, there are definite limits and 
optimum humidity conditions. As in the case of temperature, the first 
investigations made for the purpose of determining the proper humidity 
conditions for incubation were made to determine the loss in weight 
which occurs during natural incubation. The Ontario Agricultural Col- 
lege reported in 1908 results which showed that during July and August 
eggs incubated naturally lost 12.0 per cent of their weight by evaporation. 
These hens hatched 71.5 per cent of all eggs set and 86.0 per cent of the 
fertile eggs. The average relative humidity of the air in the nests under 
these hens was 59.2 per cent. The West Virginia Agricultural Experi- 
ment Station found that for eggs which hatched under hens the loss in 
weight for the first five days was 4.17 per cent, for the next seven days 
6.35 per cent, and for the following seven days 6.98 per cent or a total 
loss of 16.54 per cent for the nineteen days of natural incubation. 

The important humidity factor in incubation is the relative humidity 
of the atmosphere surrounding the eggs. Relative humidity is expressed 
as the percentage of saturation of the air. A relative humidity reading 
of 60 per cent means that the air is carrying 60 per cent of the water 
vapor it is capable of holding at that temperature. The amount of mois- 
ture the air can carry varies with the temperature; 1,000 cubic feet of air 
can carry 1.153 pounds of water vapor when the temperature is 70 °F., 
and 2.855 pounds when the temperature is 100°F. Air carrying 1.71 
pounds of water vapor at 100 ®F. would have a relative humidity of 60 per 
cent. 

The gauge used for determining humidity conditions in the modern 
incubator is the wet bulb thermometer. The principle involved in esti- 
mating moisture conditions from the wet bulb reading is that when 
the atmosphere is dry evaporation from the wet bulb is increased, and 
therefore the bulb of the thermometer is cooled to a lower temperature 
than the dry bulb thermometer records. High wet bulb readings indi- 
cate high humidity in the incubator whereas low wet bulb readings indi- 
cate dry atmospheric conditions. The relative humidity as indicated by 
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certain differences between dry bulb and wet bulb thermometer readings 
is given in Table 27. 

Table 27 

RELATIVE HUMIDITY AS DETERMINED BY DIFFERENCES IN WET BULB 
AND DRY BULB THERMOMETER READINGS ^ 




Dry Bulb 

Degrees F. Wet Bulb Is Below Dry Bulb Temperature 

Reading 
(Degrees F.) 

1.8 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 

95.0 

94 

87 

81 

75 

69 

64 

59 

54 

96.8 

94 

87 

81 

75 

70 

64 

59 

54 

98.6 

94 

87 

1 82 

76 - 

70 

65 

60 

55 

100.4 

94 

88 

82 

76 1 

71 

66 

61 

56 

t 102.2 

94 

88 

82 

77 

' 1 

71 

i 

66 

61 

' 57 


Hatchability of eggs is very definitely affected by mositure conditions 
during incubation. The Storrs Agricultural Experiment Station reported 
in 1918 the results o£ artificial incubation experiments with still-air ma- 
chines in which the relative humidity was varied from 15 per cent to 80 per 
cent. The results obtained were as follow: 


RELATION OF THE RELATIVE HUMIDITY TO LOSS IN WEIGHT OF EGGS 
DURING INCUBATION AND HATCHABILITY 


Per Cent Relative Humidity 

Average Loss of Weight 
per Egg, in. Grams 

Per Cent Loss 
of Weight 

Per Cent Hatch of 
Fertile Eggs 

70 to 80 

3.03 

5.3 

45.5 

60 to 70 

4.96 

8.7 

62.1 

50 to 60 

5.61 

9.8 

69.3 

40 to 50 

5.82 

10.2 

68.6 

30 to 40 

6.57 

11.5 

68.6 

20 to 30 

8.29 

14.5 

60.6 

15 to 20 

9.94 

' 17.4 

1 

48.0 

i ■■ 


Investigations made at Cornell University and the National Agricul- 
tural Research Center (Fig. 82) showed that most satisfactory hatches 
were obtained when the relative humidity of the egg chamber was 60 
per cent. The results of experiments reported in 1938 by the Iowa Agri- 
cultural Experiment Station showed that in modern mechanically venti- 
lated incubators where the temperature was 99.7^ F. the growth of the 
embryo was not significantly different when the relative humidity was 40 
per cent, 62 per cent, or 80 per cent. 

That there is a definite relationship between humidity and temperature 
^Adapted from 22nd edition o£ Hodgman’s Handbook of Chemistry and Physics, 1937. 
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RELATIVE HUMIDITY (PERCENT) 


Fig. 82. Effect of relative humidity during incubation on hatchability, oxygen 21 per cent and 
carbon dioxide below 0.5 per cent. (Barott, 1937.) 

is shown by the work o£ Townsley. He found that when large forced- 
draft incubators were operated at 99®F. and ‘wet bulb readings of 75°F., 
85°F., and 90°F., the chicks hatched where the humidity was high (9Q°F. 
wet bulb reading) came out about twenty-four hours earlier than those 
hatched where the wet bulb reading was 85°F. The chicks hatched 
where the humidity was low (wet bulb reading of 75 °F.) were twenty-four 
hours later in hatching than those in the machine where the wet bulb read- 
ing was 85 °F. The chicks produced where the humidity was high and 
also where it was low were small and showed “stickiness.” It was found 
that the length of the incubation period could be adjusted to twenty-one 
days by operating the incubators with the following dry bulb and wet 
bulb temperatures, respectively: 98°F. and 90°F., 99‘^F. and 85°F., and 
100°F. and 75^R 

Humidity is an important factor in the control of pullorum disease dur- 
ing incubation. Relatively high humidity at hatching time minimizes the 
circulation of down in the incubator and thereby reduces the spread of 
pullorum. Fumigation of incubators is more effective when humidity is 
high. 
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Most experienced incubator operators try to keep the wet bulb tempera- 
ture about twelve to fourteen degrees below the dry bulb reading during 
the first eighteen days of incubation and only ten degrees lower than the 
dry bulb temperature while the chicks are hatching. Reducing the hu- 
midity of the incubator or separate hatcher after the hatch is complete 
strengthens the chicks and improves their appearance when they are re- 
moved from the trays and placed in chick boxes. 

Ventilation. Since the chick embryo is an animal organism and there- 
fore requires oxygen for its development, adequate ventilation is essential 
for successful incubation. A normal fertile hen’s egg contains all of the 
materials necessary for embryonic development, except air. The embryo 
obtains the oxygen necessary for growth from the air which passes through 
the pores of the egg shell. Closing these pores causes suffocation of the 
embryo. 

Carbon dioxide as a factor in incubation. The detrimental effect of CO 2 
on hatchability has sometimes been questioned. Some investigators were 
led to believe that CO 2 depressed hatchability only to the extent that it 
replaced oxygen and therefore lowered the oxygen content of the air. 
Recent research work by Barott shows that CO 2 has a detrimental effect on 
embryonic development, though the oxygen content of the air is held 
constant at the most desirable level (Fig. 83). 

Early work at the Ontario Agricultural College showed that the CO 2 
content of air in the hen’s nest during incubation was .32 per cent, in an 
incubator .10 per cent, and in the air in the incubator room .07 per cent. 
Since the hens were more successful than the incubators in incubating the 
eggs, attempts were made to improve artificial incubation by introducing 
some CO 2 into the incubators. The results obtained indicated that in- 
troducing CO 2 into incubators did not improve hatching results. 

Ventilation of incubators is essential for the removal of CO 2 produced 
by the developing embryos and for supplying fresh air containing a normal 
quantity of oxygen. Results obtained at Cornell University showed that 
when the carbon dioxide content of the air was 1.0 per cent or more and 
the oxygen was reduced accordingly, the growth of the embryos was slow; 
and such abnormalities as crooked toes, deformed beaks, and malpositions 
were common and mortality was high. 

Position of the egg and turning. Best hatching results are obtained 
when the large end of the egg is uppermost. This is the natural position 
of an egg incubated by a hen, since the egg has a shape which causes it to 
assume such a position and the concave shape of the nest forces the eggs 
into a slightly tilted position. As early as 1886 Dareste reported that eggs 
incubated in a vertical position with the large end up developed normally, 
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Fig. 83. Effect of carbon dioxide on hatchabifity. a, The percentage of carbon dioxide was 
kept constant throughout incubation, b. The percentage of carbon dioxide was kept constant 
at .5 per cent and allowed to accumulate to 5.5 per cent (x) and to 10 per cent (y) and then 
kept constant. (Barott, 1937.) 


whereas those incubated with the small end up showed abnormal de- 
velopment., Research work at the National Agricultural Research Center 
reported in 1931 showed that when eggs were incubated with the large end 
up, only about 2 per cent of the embryos developed with their heads in the 
small end of the egg, but that when eggs were incubated with the small 
end up, about 60 per cent of the embryos developed with their heads in the 
small end of the egg. The position of the embryo is determined during 
the second week of incubation, gravity being an important factor in de- 
termining the position of the embryo in the egg. As early as 1907 
Eycleshymer reported that eggs standing on the small ends at an angle of 
45° hatched better than those eggs laid flat. His results, however, were 
based on relatively few eggs and therefore were inconclusive. 

For normal embryonic development it is necessary to turn or rather 
shift the position of the egg during incubation, particularly during the 
first twelve days. Failure to do so results in mortality because the embryos 
stick to the shell membranes or the yolk adheres to the allantois. The hen 
turns the eggs under her by shifting her body and by using her beak to 
shift the position of the eggs. Observers have found that the broody hen 
may turn her eggs as often as ten times in two hours and at least every 
hour during the day and night. 

Eycleshymer reported data in 1907 which showed the advantage of turn- 
ing eggs and also the advantage of turning eggs five times daily instead of 
twice daily, but since his data were obtained with a small number of eggs 
and therefore probably insignificant, his work did not stimulate any in- 
terest in multiple turning. Later work reported in 1921 from the Massa- 
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chusetts Agricultural Experiment Station showed that turning eggs six 
times daily as compared to turning eggs twice daily increased hatchability 
from 3 to 10 per cent. A number of other investigations have contributed 
data which show that hatchability is increased by turning up to eight 
times daily. (See list of references.) In commercial hatcheries where 
forced-draft incubators are used, eggs are not turned but merely shifted in 
position by tilting the eggs about their short axis. As long as eggs were 
incubated in incubators where hand turning was required, twice daily 
was considered sufBcient turning; but with the invention of simple egg- 
turning devices attention was centered upon the extra chicks which could 
be produced by turning the eggs more frequently. 

Natural Incubation 

Although the tendency is for artificial methods of Incubation to replace 
natural methods, a relatively high percentage of the chicks produced in 
some sections of the United States continue to be hatched by hens. With 
the eggs of some species natural methods of incubation remain most 
efficient. However, in the case of the chicken, duck, and turkey, man has 
perfected artificial methods of incubation which give results superior to 
those obtained when natural incubation is used. 

Even though natural incubation may be used, the poultryman usually 
prefers to render assistance which he believes will improve the results. 

Date of hatch. One of the disadvantages of natural incubation is that 
hens usually go broody too late for the production of early chicks. How- 
ever, those that do go broody first may be set and those which go broody 
later may be placed in broody coops, and therefore the time of hatch may 
be controlled somewhat. 

Selecting broody hens. The best hens to use for incubating chicken 
eggs are such general-purpose breeds as the Rhode Island Reds, Plymouth 
Rocks, Wyandottes, and Orpingtons. The Mediterranean breeds such as 
the Leghorns are unreliable sitters, even when they go broody. The hens 
should be healthy and, if possible, free from external parasites. 

Preparing the nest. A nesting box about 16 inches square and 6 inches 
deep placed in a cool, quiet place where the hen will be protected against 
rain provides a satisfactory nest when it is partially filled with straw, fine 
hay, or leaves. The nest should be shaped so that the entire setting (about 
fifteen hen eggs, depending upon the size of the hen and the season) is 
in one layer and with the center of the nest lower than the outside so that 
the eggs in the nest will conform to the shape of the hen’s body and not 
roll out of the nest. 
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Setting the hen. It is usually best to place eggs under a hen at night, 
because she will be disturbed less at that time. 

Care of the hen. Grain (corn, wheat, or oats or a mixture of these), 
grit, and fresh water should be kept near the hen so that she will not be 
required to leave the nest for a long period to get feed and water. Hens 
selected for incubation purposes should be examined carefully for lice, 
and if any are found, two applications of sodium fluoride powder should 
be administered to the hens at ten-day intervals. This will rid the hens of 
this parasite and prevent them from being spread later to the newly 
hatched chicks. 

Artificial Incubation 

The art of hatching chickens by artificial methods has been known by 
man for several thousand years but only within the last fifty years has 
this method been applied within the industry on a large scale. The eco- 
nomical commercial production of poultry and eggs is dependent upon 
artificial incubation because the time of hatching can be controlled; the 
spread of diseases and parasites can be reduced; and the amount of labor 
required for incubation is reduced. 

History of artificial incubation. To trace the history of artificial incuba- 
tion, it is necessary to delve into the early history of the Chinese and 
Egyptian civilizations. This has been done by a number of writers. The 
Chinese developed the method as shown in Figure 84 in which they heated 
the eggs with a charcoal fire. The Chinese also used the hot-bed method 
(decomposition of manure) for heating incubators. The Egyptians con- 
structed large incubators heated by fires built in the rooms where the eggs 
were incubated (Fig. 84) . These Egyptian hatcheries were constructed of 
brick and had a capacity of 90,000 eggs. They were operated on a toll 
basis, two chicks for each three eggs set being returned to the flock owner. 
Reaumur in 1750 constructed an incubator and hatched chicks success- 
fully by using fermenting horse manure as a source of heat. It is inter- 
esting to note that in southern Australia there is a bird, ocellata, 

which incubates its eggs by preparing a nest of vegetable matter in the 
sand, which later provides by fermentation sufficient heat to incubate its 
eggs. InT770 an Englishman, John Ghampion, hatched chicks by passing 
hot air through the room where the eggs were located. Bonneman, a 
French physician, in 1777 hatched chicks by heating a hatching oven with 
circulating hot water. The first American incubator, a hot water machine, 
was built in 1844. The first mammoth incubator in America was built 
by Charles A. Cyphers in 1895. It was a 20,000-egg duck incubator of 
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Fig. 84. Early incubators. Left; cross section of barrel type Chinese incubator. Right-upper: 
cross section of an ancient Egyptian incubator. Right— lower: drawing of an Egyptian hatchery. 
(From ''The Baby Chick.") 


the room type. Dr. S. B. Smith apparently built the first forced-draft 
incubator, which he patented in 1918. The Petersime Incubator Company 
introduced in 1923 the first all-electric incubator. In recent years several 
new machines have been developed and all makes have been improved. 

Modern Incubators 

Incubators serve two distinct purposes : the production of chicks for the 
use of the operator, and the commercial production of chicks for sale. 
Those used for the first purpose are known as farm incubators and those 
used by the commercial chick hatcheries are called mammoth incubators. 

Farm incubators. While the percentage of chicks hatched in small 
incubators has decreased since the development of commercial chick 
hatcheries, many producers still use small incubators for producing chicks 
for their own use (Fig. 85). With the development in recent years of 
more rural electric power lines the use of small electric incubators has been 
increasing. Many of these small incubators are now of the forced-draft 
type. 

Mammoth incubators. The invention of the mammoth incubator made 
possible the development of the modern chick hatchery which now pro- 
duces more than 90 per cent of the chicks hatched in the United States. 
Two types of incubators are used in hatcheries — sectional and forced-draft 
machines. Before the invention of the cabinet or forced-draft incubator, 



Fig. 85. Evolution In modern incubators. Top left/ small home incubator. (Courtesy Smith 
Incubator Company.) Top right, early sectional type incubators. (U. S. D. A.) Center, partial 
view of a hatchery equipped with cabinet type forced-draft incubator for a million egg ca- 
pacity. (Courtesy Smith Incubator Company.) Bottom, mammoth sectional type incubators. 
(Ohio Poultry Improvement Association.) 
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commercial hatcheries were equipped with sectional incubators (Fig. 85). 
Sectional machines have the advantage of being independent of electricity 
and therefore can be operated in rural areas where electricity is not avail- 
able. 

Cabinet or room-type incubators have these advantages: (1) They re- 
quire a minimum of floor space. (2) The control of temperature, hu- 
midity, and ventilation are simplified and the turning of eggs made easier. 
(3) They are better adapted to use in business districts than the sectional 
machines because less space is required. 

These advantages have caused most hatcherymen to turn to the cabinet 
or forced-draft incubators. In recent years practically all new incubators 
purchased for use in hatcheries have been of this type (Figs. 85, 86). 

A recent development has been the separate hatcher. These units are 
designed for hatching purposes only. The eggs (chicken) are incubated 
elsewhere until the eighteenth day, when they are transferred to the 
separate hatcher, such as shown in Figure 87. Some of the incubator com- 
panies have built compartments into their machines which are used only 
for hatching and therefore are separate hatching units (Fig. 86). 

Fuels used for heating incubators are oil, coal, gas, and electricity. Small 
farm incubators are usually heated with kerosene. Coal and gas are used 
for heating sectional machines which are heated by hot water. Forced- 
draft machines require electricity for the operation of the fans which are 
necessary for circulating the air in these machines. In most cases these 
machines are also heated with electricity. However, some large incubat- 
ing units are heated by hot water which is warmed by coal-burning heaters. 
Fuel cost is a considerable item in the cost of producing chicks and should 
be considered when selecting an incubator. 

Management of the Incubator 

Proper management of the incubator is essential for the production of 
chicks. Unless all the requirements for the developing chick embryo are 
satisfied, poor hatches will result. 

Regulating the temperature. The temperature of an incubator must be 
controlled within very narrow limits. The instructions of the manufac- 
turer should be followed, keeping in mind the temperature requirements 
previously discussed as factors influencing hatching results. All incu- 
bators are equipped with temperature-regulating mechanisms which are 
sensitive to temperature changes inside the incubator. In the electrically 
heated machines the thermostat makes and breaks the electric circuit and 
thereby the temperature can usually be kept within very narrow limits. 
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Fig. 86. Some forced-draft incubators. From top to bottom: a sectional view of a 24,000-egg 
Buckeye incubator (Buckeye Incubator Company); a Petersime incubator with separate hatching 
compartment (Petersime Incubator Company); a Smith 78,000-egg capacity incubator ^mith 
Incubator Company); Ct Robbins incubator with a separate hatching compartment (Robbins In* 
eobator Company). 
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In incubators heated by other sources, a thermostat is used which regulates 
the amount of heat entering the compartments where the eggs are located. 

If, for some reason, the source of heat is cut ojS for several hours, little 
damage may be done. In case of such interruptions, the room temperature 
should be kept up and the heat inside the incubator conserved by closing 
the ventilators on the machine. Precautions should be taken to prevent 
the temperature in the top of the incubator from going too high. 

Ventilation. Proper ventilation is essential for incubation so that the 
embryos will be supplied with air containing an adequate amount of 
oxygen and less than 1^ per cent of carbon dioxide. The operator of an 
incubator should bear in mind that the incubator cannot be properly 
ventilated unless the room in which the machines are located contains 
fresh air. Therefore the room must be ventilated before any progress can 
be made in ventilating incubators located in such rooms. The oxygen 
requirements of chick embryos increase very rapidly as they develop and 
therefore ventilation must be increased during the later stages of incuba- 
tion. 

The rate of circulation of the air in the incubator does not appear to be 
a factor affecting the incubation of the eggs of most species ; but apparently 
pheasant eggs hatch better in ‘'still air” than in the circulating air of forced- 
draft incubators. The Pennsylvania Agricultural Experiment Station re- 
ported that pheasants hatched better when the eggs were transferred 
from forced-draft incubators to still-air sectional machines for hatching. 

Turning the eggs. Turning during the early stages of incubation is 
necessary for normal embryonic development. Best hatching results are 
obtained when the eggs are turned at least five times daily up to the 
eighteenth day. Mammoth incubators and some small machines are 
equipped with turning devices which reduce to a minimum the labor re- 
quired for turning the eggs. Small sectional farm incubators do not usu- 
ally have such devices and therefore the eggs must be turned by hand. 
Eggs should be turned gently so that the delicate chick embryos will not 
be injured. 

Control of moisture. For most satisfactory hatches with incubators it 
is usually necessary to supply moisture to keep the relative humidity rather 
high (about 60 per cent) during incubation and slightly higher (about 70 
per cent) at hatching time. Mammoth machines are equipped with vari- 
ous devices for supplying moisture, such as burlap panels from which 
moisture evaporates or automatic devices for liberating or spraying mois- 
ture into the incubator. The relative humidity of forced-draft incubators 
is gauged by wet bulb thermometer readings. Moisture conditions in 
small incubators can be judged by the size of the air cell or by the per- 



Fig. 87. Baby chicks ready to leave a separate hatcher. 


centage loss in weight o£ the eggs. The normal loss in weight for eggs in- 
cubated under proper conditions is from 4 to 5 per cent per week. One 
hundred eggs weighing 200 ounces when first set should lose from 8 to 10 
ounces in weight each week while being incubated. The skilled operator 
learns from experience the moisture conditions which give best results. 




Fig. 88. Sorting and boxing chicks for shipment, 
openings in the chick boxes for ventilation. 


Note the storage racks on the left and 
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Fig. 89. A modern hatchery. 


I capacity o£ these hatcheries was 504,640,000 eggs. Eighty-eight o£ the 

} largest o£ these hatcheries had a total egg capacity of 74,788,000 eggs. The 

hatchery industry of America is more highly developed than that of any 
I country in the world. 

I Location for a hatchery. The type of chick business (local, mail order, 

or wholesale) the hatcheryman expects to do will govern somewhat the lo- 
cation for the hatchery. The local hatchery which depends on selling prac- 
tically all chicks at the hatchery must be located where there is a good 
‘ demand for chicks and must be readily accessible to chick buyers who call 

for the chicks. Hatcherymen who hope to develop a mail-order business 
should locate where good shipping facilities are available. Wholesalers of 
chicks should be located near their dealer or jobber customers. The 
hatchery should be located where there are enough good flocks to supply 
^ satisfactory hatching eggs. A location on or near ‘‘farmers’ street” in a 

I town where the farmers do their trading is usually a good location for a 

hatchery. Parking space at or near the hatchery is a great convenience to 
chick customers and flock owners. A hatchery which has space available 
I for a window display of chicks can use such space to good advantage in 

* advertising chicks if they are located in the business district of town. 

The hatchery. The building which houses the hatchery should be built 
of substantial material and so constructed that it will withstand outside 
temperature fluctuations reasonably well. It should be kept in good repair, 
well painted, and present an attractive appearance (Fig. 89). A well- 
drained concrete floor is conducive to cleanliness in the hatchery. The 
I hatchery should be well lighted and properly ventilated. Good lighting 

improves the work of employees and makes a good impression on cus- 
tomers. A well-ventilated building makes possible proper incubator venti- 
lation. Forced ventilation is necessary in larger hatcheries, particularly 
in warm weather, to remove stale air and excess humidity, and to re- 
duce the temperature. The building should be so arranged and a schedule 
of work so planned that the hatchery will be clean when customers 
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come in. Every commercial hatchery should have at least separate rooms 
for the office^ incubators, and for started or display chicks. Usually it re^ 
quires only a little material and a small amount of labor to provide these 
minimum facilities. Other desirable rooms are egg receiving and traying 
room, chick sorting and boxing room, room for chick boxes and other 
supplies, and a display room for equipment and feed. 

The modern hatchery will likely be equipped with the cabinet type of 
incubator because such equipment requires less floor space (Fig. 86). Old 
incubators which do not give satisfactory hatches are too expensive at any 
price for the progressive hatcheryman. Separate hatchers or incubators 
with separate hatching compartments are gaining in popularity. 

Battery brooders are used by most hatcheries for holding surplus chicks 
which accumulate because of weather conditions, order cancellations, or 
oversettings. 

The manager. The most important single factor making for success 
in the hatchery business is the manager. A good manager may build a 
profitable hatchery business even where the conditions are unfavorable, 
but a poor manager may ruin the best hatchery. The management prob- 
lem is the chain hatchery operator’s greatest worry. The most successful 
manager is one who knows the poultry business as well as the hatchery 
business, possesses a strong personality, and has business ability. 

Hatching egg supply. A supply of hatching eggs from healthy, well- 
bred flocks is essential to the continued operation of a hatchery. Few 
hatcherymen own enough birds to supply all the eggs required by their 
hatcheries and therefore they must purchase eggs from cooperating flock 
owners. In many communities good breeding flocks are not available and 
therefore it becomes necessary to ship in part or all of the eggs required. 
The most satisfactory arrangement is to get eggs from flocks located nearby 
so that the eggs can be delivered to the hatchery by the flock owner. The 
number of birds required to supply hatching eggs to a commercial hatchery 
is approximately one tenth of the egg capacity of the hatchery. 

The servicing of hatchery supply flocks is essential if reliable sources 
of hatching eggs are to be maintained. Those hatcheries which hope to 
produce quality chicks must select good breeding flocks and know how 
they are managed. The cost of competent servicing for flocks is more 
than paid for by the improved quality of the chicks. The hatcheries 
generally make a service charge to the flock owner for culling and- blood 
testing (Fig. 60). Too often this is the only servicing the flock receives. 
All flocks should be visited before the hatching season begins and a care- 
ful check made as to the condition of the males and females in the flock 
and the feeding and management of the flock (Fig. 90), 
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Fig. 90. An official hatchery flock inspection. 

Many hatcherymeii prefer to have some of the flock servicing done by 
trained state inspectors. These inspectors have or develop a background 
which is valuable in advising flock owners about their poultry problems. 
Forty-seven states in 1946 had organized state poultry programs with state 
inspectors. Agreements between the hatcherymeii and flock owners are 
desirable so that each party may understand his responsibilities. Many 
hatcherymen have oral agreements with their flock owners which both 
parties respect. 

The premium paid for hatching eggs varies with the quality of stock, 
the locality, the competition, the hatchabiiity of the eggs, and the value of 
other services rendered. Most hatcheries pay a straight premium but some 
hatcherymen grade their flocks and pay a premium based on the quality 
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of the flock, while others base the premium on the hatchability of the eggs. 

The hatcheryman should make the flock owner a definite part of his 
hatchery organization. He should assist the flock owners with their poultry 
problems and make the flock owners feel that they have a definite responsi- 
bility to the hatchery. Flock owners should be boosters in their neighbor- 
hoods for the hatchery. 

Hatchery sanitation. Cleanliness and sanitation in the hatchery are es- 
sential for continued success in putting out chicks which live and do not 
spread disease. Unfortunately, some hatcheries through their chicks spread 
such poultry diseases as pullorum and bronchitis and thereby create a bad 
reputation for hatchery chicks. Frequently chicks infected with bron- 
chitis are shipped in the same car with other chicks or mixed with healthy 
chicks in the brooders, thus spreading this disease to chicks which were 
free of this trouble. It is to the interest of each hatchery that all hatcheries 
produce chicks free from such diseases as bronchitis. 

Pullorum is the most common chick disease which may be spread 
through the hatchery. However, modern methods of blood testing the 
breeding stock and fumigating the incubators make possible the control of 
this disease. Progressive hatcherymen blood test the breeding stock used 
for producing hatching eggs. They also fumigate the hatching compart- 
ments of their incubators between hatches, using formaldehyde gas, which 
kills any pullorum organisms left by the previous hatch. Between hatch- 
ing seasons the incubators, incubator room, brooder room, and brooding 
equipment should be thoroughly cleaned and disinfected. Movable parts 
should be scrubbed with a 2 per cent solution of commercial lye. (Rubber 
gloves should be worn.) The inside of the incubators, the incubator room, 
and brooding room should be sprayed with a 5 per cent solution of forma- 
lin. The temperature should be as much above 60 °F. as convenient, and 
the incubators and rooms should be kept closed for twelve hours or longer. 

Between hatches during the hatching season the hatching compartment 
should be fumigated with formaldehyde gas, using 40 cc, of a 40 per cent 
solution of formalin and 20 grams of potassium permanganate for each 
100 cubic feet of space inside the compartment. The potassium per- 
manganate should be placed in a glass or earthenware container and the 
formalin poured over it. Another method for liberating the formaldehyde 
gas is to saturate cheesecloth with the formalin and then hang the cloth 
near the fans in the incubator. To be most effective, fumigation should 
be done with both the temperature and humidity of the machine at the 
highest levels used in incubation. If the dry bulb reading is 100 °F., the 
wet bulb thermometer should register at least 90 °F. Since chicks which 
live Well are excellent advertising for a hatchery and since pullorum disease 
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is the most common, cause of early chick mortaiityj it behooves every 
hatcheryman to control this disease. Time and money expended in blood 
testing breeding stock and for sanitation in the hatchery may be considered 
advertising expense. 

To prevent the spread of pullorum disease in the incubator, the chicks 
may be fumigated according to the following procedure: 

Calculate the exact number of cubic feet in the compartment to be fumi- 
gated. Use 35 cc. of fresh formalin and 17.5 grams of potassium permanga- 
nate per 100 cubic feet of space inside the compartment to be fumigated. 
Make the first fumigation when about 10 per cent of the chicks are out and 
before any have dried off. Twelve, hours later repeat the fumigation. After 
each fumigation keep all ventilators closed for from 8 to 10 minutes, but no 
longer. 

Remove all chicks hatched soon after the second fumigation. Twelve 
hours after the second fumigation make a third fumigation and again soon 
thereafter remove the chicks. 

Be sure that the wet bulb reading shows about 70 per cent relative hu- 
midity throughout the hatch. High humidity is very important. Chicks 
may appear to suffer but if the correct amounts of materials are used and the 
above instructions are followed, results will be entirely satisfactory. 

The prevention and control of infectious bronchitis has during recent 
years become an important problem in hatchery management. Every 
hatcheryman should follow practices designed to keep the disease out of 
the hatchery. Chicks should not be brooded in the incubator room, chick 
boxes and poultry coops previously used and adult birds should not be 
brought on the hatchery premises, and the hatchery room and equipment 
should be kept clean. In case of an outbreak in the hatchery plant, all af- 
fected chicks should be killed, other chicks moved from the incubator 
room, and all equipment used for brooding chicks thoroughly cleaned and 
disinfected, and the building fumigated with formaldehyde gas, using two 
and one-half times the amount recommended for incubator fumigation. 
The walls and floors should be wet thoroughly to increase the humidity of 
the room and the temperature should be raised to 90'^F. to make the gas 
more effective. The room should be closed tightly for twenty minutes fol- 
lowing fumigation. Fans should be operated in the room to distribute the 
gas during fumigation and to eliminate it after twenty minutes of fumiga- 
tion. It has been observed that an outbreak of this disease spreads quite 
generally in a territory. Hatcherymen located in such a territory should 
exercise extreme caution in preventing an outbreak in their plants. 

Hatching season. The hatching season varies with the geographical 
location and weather conditions. In the United States most chicks are sold 
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during March, April, and May. Most hatcheries make their first settings 
in January or Fet3ruary and bring oflf their last hatches in June. Severely 
cold weather may delay the opening o£ the chick season and an early 
drought may abruptly end the season. Some hatcheries operate through- 
out most of the year and a considerable number now operate during the 
fall months to supply the chicks demanded for winter broiler production. 

Surplus chicks. The modern hatchery is prepared to handle some sur- 
plus chicks. Floods and snow and ice storms frequently cause the de- 
mand for chicks to be postponed and the hatcheryman who had antici- 
pated the demand on the basis of normal weather conditions finds that 
more chicks hatch than can be sold. By carrying these chicks in battery 
brooders until favorable weather prevails, they can be moved through the 
regular chick sales without dumping them on auctions or selling them at 
reduced prices. 

Surplus chicks are the greatest menace to the maintenance of chick 
prices. If surpluses occur early in the season, they may demoralize the 
price structure for most of the season. 

Surplus chicks are sometimes sold at auctions for much less than the 
cost of production. The disposal of surplus chicks leads to unethical 
trade practices. 

The booking of chick orders for future delivery is decreasing, particu- 
larly late in the season. This condition has arisen because buyers find that 
hatcheries carry chicks on hand or can fill orders on short notice. There- 
fore, the hatcheryman must anticipate the demand for chicks in the light 
of his past experience and the current season demand and govern his 
settings accordingly. 

Sexing chicks. The sexed chick business has developed since it was 
first introduced into the commercial hatcheries of the United States in 
1934, into a very important phase of the chick business. In certain regions, 
notably the commercial egg-producing sections of the Pacific Coast, it is 
estimated that 90 per cent of the chicks are sexed by an examination of the 
rudimentary copulatory organs (Fig. 91). Sexed pullets are particularly 
desirable in Leghorns if there is a poor market for Leghorn broilers. In 
the East, Middle West, and South where suitable markets for broilers 
usually prevail or where the farmers can use the males to good advantage 
as table poultry, sexing has not gained any great headway. Since the 
price of sexed pullets is usually about twice the price of straight-run chicks, 
the farmer does not care to pay for the cockerels and leave them with the 
hatcheryman for his disposal. It is usually profitable for the farmer to 
raise the cockerels. 

To be an efficient sexer one must have good eyesight, be adept with 
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Fig. 92. Chicks are delivered by truck, parcel post/ express, and airplane. A shipment of 
chicks for South America. 


stock he wants to reproduce can well afford to use. Custom hatching is 
usually less expensive for the poultry raiser than hatching the chicks at 
home. 


Culling chicks. It is just as important to cull chicks as to select laying 
stock (Fig. 88) . All weak and crippled chicks should be destroyed. They 
mar the appearance of the group and often succumb to the attacks of dis- 
ease and thereby spread infection to healthy chicks. It is also important 
that “off-colored” chicks be removed from the group, particularly if the 
chicks are to be sold. Chick customers are quite critical of chicks that 
show impurity of breeding, often judging the entire group by one or two 
“off-colored” chicks. The Standard of Perfection contains color descrip- 
tions of the different varieties of chicks. The producer of baby chicL 
should be familiar with these descriptions. Complaints may be reduced 
by acquainting customers with the proper color markings of the chicks 
they purchase as chick customers are often misinformed as to the correct 
color of baby chicks. 

Delivering chicks. Small local hatcheries deliver most of the chicks 
they sell directly to the buyer at the hatchery. The hatcheryman is there- 
fore relieved of the costs of transportation and the hazards of shipping. 
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Some hatcheries are now making local deliveries by truck to the poultry- 
man. As competition increases, this practice will likely become more 
common. 

Chicks are shipped by express and parcel post (Fig. 92), During the 
spring months losses are negligible but in hot weather losses may run 
quite high. Hatcheries make a practice of guaranteeing 100 per cent live 
delivery. 

The ventilation of the boxes is quite important. It should be kept in 
mind that in cold weather the chicks are kept warm in the boxes by their 
body heat. In cold weather very few holes should be punched in the 
boxes, but in hot weather the boxes should be well ventilated. Some 
hatcheries replace most of the top of the box with screen wire when ship- 
ping chicks during the summer months. 

The standard containers for delivering chicks are cardboard boxes in 
sizes suitable for 25, 50, and 100 chicks. The standard chick box for 100 
chicks is 22" x 18'' x 51/4". For hot weather shipments larger boxes 
(24" X 18" X 6") are used. Special chick box supply houses provide the 
hatcheries with their shipping supplies. 

Business methods. Financial success in the hatchery business, as in all 
business enterprises, is dependent upon good business methods. A com- 
plete set of records should be kept in every hatchery. Such records vshould 
not only show all financial transactions but should also show the inquiries 
received, the name and address of customers, the number and grade of 
chicks sold to each customer, the date of each sale, and a record of all 
hatching eggs purchased. 

Marketing chicks. The marketing of chicks is the hatcherynian’s sales 
problem. There are three common methods of selling chicks : local sales 
at the hatchery, mail orders direct to customers, and wholesale. The 
wholesale method is the least satisfactory and most destructive of chick 
quality. This method prevents contact between the producer and cus- 
tomer, an arrangement vital to the improvement of quality. Local chick 
sales are most satisfactory and are less expensive than mail order sales. In 
every community there is a demand for high-quality chicks that can be 
supplied by the local hatchery. 

Advertising. The best advertisement any hatchery can have is the chicks 
it produces. Quality chicks sell themselves and also stimulate repeat 
orders. Many hatcheries sell their entire output primarily upon the reputa- 
tion of the chicks produced in previous seasons. A satisfied customer not 
only buys the next year but also influences others to buy. This form of 
advertising should be carefully guarded by every producer of chicks. 

A neatly kept plant is another inexpensive but very effective method 
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COURTESY INTERNATIONAL BABY CHICK ASSOCIATION 

Fig. 93. A scene in the exhibit area of an International Baby Chick Association convention. 
The association meets annually with thousands of hatcherymen and members of allied indus- 
tries in attendance. 

of advertising. Visitors are interested in cleanliness around the hatchery. 
Every visitor is a prospective customer and should be considered as such. 

Attractive advertising signs and buildings are good advertising par- 
ticularly for the local demand. Well-painted and well-kept buildings 
should be considered a part of the advertising program of every hatchery. 
Advertisements in the local newspaper stimulate local demand and should 
be used as a means of reaching this outlet. Often news stories of local 
interest about the hatchery or its products serve as splendid advertising. 
Advertising on a state- wide or nation-wide scale should be conducted by 
an advertising specialist whose services are available to the hatcheryman 
through various advertising agencies. Catalogs and other advertising 
material should be prepared by advertising specialists. 

Shipping hatching eggs. Some states have developed important hatch- 
ing egg outlets because of their favorable climatic conditions and location 
in the United States. Hatching eggs are shipped by express and by truck. 
Eggs intended for the use of hatcheries should be carefully graded for 
size, and eggs weighing less than twenty-three ounces per dozen should 
never be sold to hatcherymen without a very definite understanding about 
the size of the eggs. Extra long or large eggs which are likely to be 
broken in transit should not be shipped as hatching eggs. Hatching eggs 
should also be graded for shape and color. Eggs from varieties which lay 
white-shelled eggs should be chalk white and reasonably free from tints. 
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For best results the eggs should not be over one week old. They should 
be packed with the small end down in new cases, with flats and fillers. 
Eggs shipped with the small end up do not hatch well. The use of new 
flats and fillers will prevent damage to the eggs. The case tops should be 
nailed down at each end but not in the middle, with four-penny cement- 
coated egg-case nails. Each case should carry a label showing the name 
of the buyer, the name of the shipper, and the fact that the eggs are hatch- 
ing eggs. If the eggs are from a hatchery cooperating with the National 
Poultry Improvement Plan and are being shipped to another hatchery 
operating under the plan, they should carry an official label indicating the 
breeding stage and pullorum control class. Inside the case on top of the 
eggs there should be a slip showing the number of dozens and the breed 
and variety of chickens which produced the eggs. 

Hatching-egg stations. Large hatcheries have need for stations at which 
hatching eggs from flocks located in different communities may be as- 
sembled before being shipped or trucked to the hatchery. The most satis- 
factory arrangement appears to be a cooperative arrangement between 
hatcherymen, by which the operator of the local hatchery assembles the 
eggs and ships them to the larger hatcheries. In communities where there 
are no hatcherymen, a cooperative arrangement may be made with a feed 
store or produce house as a place for the hatching eggs to be assembled. 
If a produce dealer cooperates with the hatcheryman, a separate room 
should be set aside during the hatching season where only hatching eggs 
are received and held. 

'Keview Questions 

1. Is a knowledge of embryonic development of any value to a hatcheryman? 

2. Which of the primary germ layers of the embryo are present when the 
egg is laid? 

3. When does the primitive streak make its appearance? 

4. Name some of the functions of the extra-embryonic membranes, 

5. Why is the embryologist interested primarily in the first four days of 
incubation? 

6. What special mechanisms are developed for hatching a chick? 

7. Why do critical stages occur during incubation? 

8. What is the relative water content of the chick embryo during incubation? 

9. What are the sources of energy for the developing chick embryo? 

10. Do eggs contain hormones? 

11. What are lethal genes.? Are they dominant or recessive? 

12. What relation exists between egg production and hatchability ? 
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13. What physical characters of hen’s eggs are associated with hatchability? 

14. What vitamins influence hatching results? 

15. At what temperature should hatching eggs be held? Why? 

16. Should soiled hatching eggs be cleaned? 

17. Why is a forced-draft incubator operated at a lower temperature than a 
sectional machine? 

18. What is relative humidity? How is the percentage of relative humidity 
calculated. 

19. Does a wet bulb thermometer reading of 85 °F. or 90 °F. in an incubator 
operated at 100°F. represent a higher humidity? Explain. 

20. By diagrams illustrate the relation of temperature, humidity, turning, and 
CO 2 content of air to hatchability. 

21. Are there any illustrations of artificial incubation found in nature? 

22. Where do commercial hatcheries obtain their supply of hatching eggs? 

23. Why has chick sexing grown in popularity? 

24. What is custom hatching? What precautions should be taken with eggs 
custom hatched? 
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CHAPTER SEVEN 


bearing Principles and 
Practices 


The success of the poultry enterprise depends quite largely upon the 
results achieved in rearing the young stock. This is true of egg produc- 
tion as well as broiler and capon production. Pullets must be properly 
grown out if they are tO' become economical producers of eggs. Birds in- 
fested with parasites and disease should not be placed in the laying houses. 

Natural Brooding 

Natural brooding, once the only method used in brooding chicks, has 
been quite largely displaced by artificial methods. The natural method is 
used on farms where only a few chickens are raised each year (Fig. 94). 
Under these conditions this method is probably an economical and con- 
venient method to follow, otherwise it would have been replaced by arti- 
ficial methods. Broody hens may be used for raising hen-hatched or 
incubator-hatched chicks. If used for raising incubator-hatched chicks 
the broody hen should have a few eggs placed under her four or five days 
before the chicks are placed with her. The chicks can best be placed with 
the hen at night. It is well to place one or two chicks with the hen at first 
to see if she will accept them. 

Before placing chicks with a hen she should be examined for lice. If 
infested with lice she should be treated with sodium fluoride at least 
twice at ten-day intervals, making the first treatment three or four days 
before the chicks are placed with her. 

194 ' 
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The general-purpose breeds such as the Rhode Island Reds, Rocks, 
Wyandottes, and Orpingtons make good mothers. These hens can brood 
from fifteen to twenty chicks, depending upon weather conditions. Early 
in the season where cold weather prevails the hens and chicks should be 
confined to a building, but later in the season the chicks should be given 
range while the hens are confined to brood coops. The hen should be con- 
fined to the brood coop as long as the chicks need her care. The floor 
should be covered with some short cut litter or sand. This litter should be 
changed at least once each week so that the floor will be kept clean. Brood 
coops should be moved often so that the ground around the coop remains 
in sanitary condition. A good location for a brood coop is in the shade 
and on a grass sod. 

Artificial Brooding 

Artificial methods of brooding have made possible large-scale poultry 
production and have replaced natural brooding on most farms where one 
hundred or more chicks are raised annually. Thousands of chicks are 
now brooded by a single person, an unheard of feat before the adoption of 
artificial methods of brooding. Chicks can now be brooded at any season 
of the year. Artificial brooding combined with artificial incubation en- 
ables poultry raisers to control production. 

Brooding Requirements 

There are certain requirements for brooding which must be provided if 
success is to be attained. These requirements are proper temperature, 
adequate ventilation, control of moisture, sanitation, and adequate brood- 
ing space. 

Temperature. Control of temperature, which provides sufficient heat 
in cold weather and minimizes the excess temperatures which prevail dur- 
ing the summer months, is essential for success in brooding chicks. The 
thermo-regulatory mechanism of the young chick is not capable of main- 
taining the normal body temperature when the chick is exposed to high 
or low temperatures. The young chick, when exposed to such abnormal 
temperatures for even a short time, will develop intestinal disturbances 
which are manifested by a diarrhea. 

In brooding chicks it is desirable to provide a range of temperature so 
that the chicks may have some choice in selecting a temperature most 
suitable to them. For day-old chicks the maximum temperature should 
be kept between 90°F. and lOO^F. When first placed in the brooder, the 
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chicks should be confined near the heat so they may learn where the 
source of heat is located. The temperature may be reduced about 5°F. 
each week as the chicks become older. It is most important that chicks be 
kept comfortable at all times. Chicks will not be overheated if they can 
get away from the high temperatures. 

Chicks have very little reserve energy to protect themselves against low 
temperatures. Huddling or crowding is an indication that the brooder 
is too cool for the chicks. Temperatures in the brooder should be de- 
termined .with an accurate thermometer and controlled with a reliable 
thermostat. 

Ventilation. Sufficient ventilation to supply plenty of oxygen and re- 
move carbon dioxide, excess moisture, and carbon monoxide is essential 
in brooding chicks. These conditions can be controlled in most climates 
by having an open-front brooder house which is partially closed with a 
muslin frame in cold weather. When chicks are brooded in tightly closed 
brooder houses with fuel-burning brooder stoves, carbon monoxide gas may 
increase in concentration to a point which is fatal to chicks and poults. 
Slow poisoning may occur when the air contains .01 per cent carbon mon- 
oxide. In acute cases the symptoms of this poisoning are gasping, head 
thrown back, and spasms at death. When the poisoning is slow the birds 
may show only a stunted and unthrifty condition. 

The injurious effects of CO poisoning are caused by asphyxiation, which 
results from the CO combining with the haemoglobin of the blood and 
thereby destroying the ability of the blood to carry oxygen to the tissues. 

The moisture content of the air in the brooder room can be controlled 
by ventilation and heating. In cold weather the litter in a brooder room 
where electric brooders are used will become damp within a few days. 
This may be partially overcome by increasing the ventilation of the room 
and frequent changing of litter. 

Dougherty and Moses of the California Agricultural Experiment Station 
investigated the relation of ventilation in electric brooders to health and 
growth of chicks. They concluded that a flow of two cubic feet of air per 
minute per one hundred chicks would meet the requirements of the chicks 
as well as larger amounts but would not keep the hover and litter dry after 
the chicks were three weeks old. They found that ventilation which 
would keep the brooder reasonably dry would assure the chicks an ample 
supply of fresh air. Additional ventilation increased the cost of electricity 
but did not benefit the chicks. 

Moisture. Though the relative humidity in a brooder room may vary 
considerably without harmful effects, extremely low or high humidity is 
not conducive to best results. It is desirable that the litter in the brooder 
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house be kept dry to prevent the spread of disease among the chicks. An 
excessively dry atmosphere, however, results in poor feather development 
and increases the occurrence of “bare backs.” The Pennsylvania Agricul- 
tural Experiment Station reports results which show that where the rela- 
tive humidity in the brooders varied from 30 per cent to 75 per cent, growth 
was not affected. 

Sanitation. Sanitation is essential for success in brooding chicks. Losses 
from diseases and parasites can be quite largely prevented by proper sani- 
tary measures. For best results chicks should not be exposed to infectious 
diseases and parasites. To carry out a sanitary program which will prevent 
exposure of chicks to disease organisms and parasites implies a clean en- 
vironment. This means that the brooder house as well as the range shall 
be clean and relatively free from organisms which cause chick diseases and 
infestations. 

Space. Overcrowding causes slow growth and heavy mortality. One- 
half square foot of floor space should be provided for each chick on the 
brooder floor. Table 28 shows how mortality is increased by overcrowding 
chicks in the brooder house. Each chick should be provided with at least 
eight square inches of floor space beneath the hover. A fifty-six-inch hover 
should not be used for brooding more than 300 chicks, which is a maximum 
number for good growth and livability. 


Table 28 

RELATION BETWEEN FLOOR SPACE AND MORTALITY OF CHICKS ^ 


Floor Space per 

Hundred Chicks 

Number of Chicks 

Number of Deaths 

Per Cent Mortality to 
Three Months of Age 

35 square feet or less 

73,077 

19,257 

26.3 

35 to SO square feet. 

25,371 

4,122 

16.2 

50 square feet or more 

25,044 

3,484 

13.1 


Colony Brooding Systems 

The colony brooding system is quite generally used by farmers and com- 
mercial poultry raisers. It is an economical system adaptable to most 
poultry farms. One advantage of this system is that it can be started on a 
small scale and expanded each year as desired. 

Colony brooder houses. These houses are small portable houses large 
enough to provide room for about three hundred chicks but small enough 
so that they can be moved to clean ground each year. They may be built 


^ Calif. Agr. Extension Service Circ. 28, 1929, 
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on skids or constructed to be moved on a tractor-trailer. Muslin curtains 
are usually used to cover the open front during cold weather. The houses 
generally are built of matched lumber and the walls and floors are of a 
single thickness of this material. In some actions where native lumber is 
cheap, rough lumber direct from the sawmills is used for constructing these 
houses, the walls being covered on the outside with a cheap grade of 
composition roofing. 

All openings should be covered with poultry netting to keep out birds 
and predatory animals. 

Location of the brooder house. In selecting a location for the brooder 
houses one should avoid using land that has been occupied by chickens 
during the previous two years or traversed by drainage water from old 
poultry runs, or where droppings from the laying or brooder houses have 
been deposited within the last two or three years. A three- to four-year 
rotation of runs for the brooder houses makes an ideal arrangement for 
growing healthy chicks. 

The barren ground adjacent to a stationary brooder or laying house is 
usually contaminated with worm eggs and coccidia. Thus, chicks brooded 
in such a place are likely to become badly infested with intestinal worms 
and coccidiosis. Under these conditions it becomes almost impossible to 
raise a large number of healthy pullets or cockerels. The brooder house 
should be located where there is growing green feed and near some natural 
shade such as is available or can be grown. 

Colony brooders. Brooders used for brooding chicks in colony houses 
are heated with oil (kerosene or distillate), coal, wood, gas, and electricity 
(Fig. 95) . These stoves are generally equipped with hovers for holding 
the heat near the floor. The drum-type oil-burning brooder radiates heat 
from the drum down to the chicks on the floor. Distillate or fuel oil is 
usually burned in these stoves. The temperature of oil-burning brooders 
is governed by a thermostat which regulates the flow of oil to the brooder. 
Coal-burning brooder stoves are perhaps more commonly used than any 
other type of brooder. They are very dependable, may be operated eco- 
nomically in most sections of the United States, are easy to operate, and 
seldom get out of order. The temperature of such stoves is controlled by 
a thermostat which regulates the draft through the stove. Hard coal is the 
most satisfactory fuel for such stoves but briquettes and soft coal may be 
used if the stove is large and equipped with a large pipe which is not 
easily clogged with soot. When soft coal is used the stove will require 
close attention. A damper or automatic wind-damper placed in the pipe 
will help prevent high winds from setting up a strong draft and burning 
out the fire during the night. 







Fig, 95. Colony brooders. Top left, oil brooder. (Courtesy Simplex Brooder Stove Com- 
pany.) Top right, electric brooder. (Ohio, Extension Service.) Center, coal brooder. (Ohio 
Extension Service.) Bottom, wood brooder. (Courtesy Shenandoah Manufacturing Company.) 
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Wood-burning brooder stoves have in recent years become popular in 
those sections of the United States where wood is plentiful. The draft on 
these stoves is thermostatically controlled so that they require little at- 
tention, holding fire throughout the night. Wood is an economical fuel 
in many sections of the United States and such stoves will very likely gain 
in popularity as the public becomes aware of their merits. 

Electric brooders are now used in all sections of the United States, in 
cold weather as well as in mild weather. They have certain decided ad- 
vantages: (1) The temperature can be accurately controlled; and (2) they 
require very little attention if there is a dependable source of electricity. 
A thermostat which makes and breaks the electric circuit controls the 
temperature of these brooders. The increase in rural electrification has re- 
sulted in a corresponding increase in the use of electric brooders. In most 
sections of the United States where electric power is available the cost 
of operating an electric brooder compares favorably with that of operating 
other brooders. The electric consumption of electric brooders is given in 
Table 29. It will be observed that on Indiana farms with an electric rate 
of 3 cents per kilowatt-hour the average brooding cost for heat was only 
1.31 cents per chick. 


Table 29 


AVERAGES OF RESULTS FOR FORTY-HEIGHT ELECTRIC BROODERS OPERATED 

ON INDIANA FARMS IN 1929, 1930, AND 1931 ^ 



1929 1 

1930 

1931 

All 

Number flocks. ...... . . ........ j 

6 

■■.28 '■■ 

14 

•■ ''48 ,■' T' 

Average number chicks started per I 


' ■ 1 

i 



flock .1 

447 

362 i 

362 

372 

Average mortality (per cent) .... . . . . j 

9.5 

113 

16.0 

12.9 

Average number chicks raised per 





flock. 

404 

317 

304 

324 ■' 

Average kilowatt-hours per chick 





raised. 

0.419 

■0.359 

0.678 

0.456 

Average cost for fuel per chick raised 





(cents) 

1.26 

1.08 

■' 2.03 , 

1.31 

Average brooding period (days) 

49 

40.5 

SO '1 

41.4 


* Electric energy at three cents per kilowatt-hour. 


Preparing for the chicks. Before the chicks are hatched or received, 
the brooder house and all brooding equipment should be thoroughly 
cleaned and disinfected. The first step in cleaning is to remove from the 
house all removable equipment. Thorough scraping and sweeping of the 


2 Purdue Agr. Expt. Sta. Circ. 187. 
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floor and walls will remove most o£ the visible dirt, and lye water (one 
can concentrated lye to twelve gallons of water) liberally applied with a 
coarse broom will free the house of contamination, although in some in- 
stances two applications may be necessary. The feeders and other equip- 
ment should not be overlooked but should be given the same treatment 
that is applied to the house. If the house is not cleaned before it is moved, 
some of the filth from the previous year is almost certain to be scattered 
and to contaminate the new range. The floor should be covered with 
litter such as cut straw, clover, alfalfa, shavings, peat moss, or coarsely 
ground corn cobs. The fire in the stove should be started at least twenty- 
four hours before the chicks are ready to be placed in the house. This 
will make it possible to have the house at the right temperature and will 
give the operator an opportunity for making necessary adjustments. 

At the time the chicks are placed in the brooder house they do not know 
how to find the source of heat. For this reason a circular guard of hard- 
wart cloth or some other materials, about twelve inches high, should be 
set up around the stove. This enclosure should be about two feet from the 
edge of the hover. This arrangement should always be used for a few 
days to confine the chicks to a limited area of the brooder house floor 
until they become accustomed to their quarters. 

A well-balanced ration should be placed in chick feeders, allowing about 
one inch of feeding space per chick. Chicks may be encouraged to start 
eating by filling the feeders full for the first day or so. Enough water ers 
should be provided so the chicks have access to fresh water at all times. 

Operating the brooder stove. Prior to the brooding season the stove 
should be examined to see that it is in proper working condition. The 
drafts must open and close easily in order to permit the thermostat to work 
effectively. The thermostat wafers should be tested by placing them in 
warm water to determine whether or not they retain their power to ex- 
pand and contract. Damaged wafers are worthless and should be re- 
placed. 

No specific set of rules can be offered that will apply to operating the 
various brooder stoves on the market. Therefore, it is suggested that the 
instructions of the manufacturer be followed closely until experience dic- 
tates a change in operation. 

As a rule, when hard coal is used it is usually not necessary to fill the 
brooder stove more than twice each day (morning and night). Before 
adding fresh fuel it is advisable to remove all the ashes. In refilling the 
stove one should avoid extinguishing the fire by adding too much coal at 
one time. This precaution is especially necessary when the fire is burn- 
ing slowly. 
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Brooder stoves in which soft coal is used have to be filled more often and 
require closer attention in order to equal the results obtained with anthra- 
cite coal. In addition to keeping the clinkers and ashes removed, it is ad- 
visable to clean the stovepipe at least once a week to insure a good draft. 
As a general rule it is a mistake to build a hot fire just as the chicks are be- 
coming settled for the night. This condition causes the chicks to nestle 
too far from the stove with the consequent piling up or possibly chilling 
as the fire burns down and the stove cools. 

The drum-type, oil-burning brooders have large fuel tanks and conse- 
quently they do not require refilling more than once a day. The fuel line 
should be kept unobstructed so that the thermostat can regulate the flow 
of oil to the burner and thereby maintain a uniform temperature. 

The ashes should be removed from wood stoves often enough to keep 
the draft open and the fire burning uniformly. Green wood produces 
much “tar” and the stovepipe may become clogged with this material un- 
less the operator keeps the pipe reasonably clean. 

Electric brooders require very little attention if the electric service is 
dependable. The operator of an electric brooder should adjust the thermo- 
stat and the height of the brooder from the floor so that sufficient heat and 
ventilation can be supplied at a minimum cost. Electric brooders can be 
adjusted very easily to meet the chicks’ needs. In mild weather and as the 
chicks become older the electricity can be turned off during the day to re- 
duce brooding costs. Double floors particularly beneath the hover are de- 
sirable when electric brooders are used in cold weather. 

Stationary Brooding Systems 

Stationary brooding systems were developed in the nineteenth century 
but were abandoned because poultrymen did not know what to feed or 
how to rear chicks in confinement. Colony brooding systems replaced 
permanent brooders because chicks could be raised on clean range even 
when deficient or incomplete rations were fed, because the chicks were 
exposed to the direct rays of the sun and vt^ere also able to supplement the 
ration with succulent green feed. Since the discovery of the vitamins and 
other fundamental principles of nutrition and with a better knowledge of 
the control of diseases, the stationary brooder house has again found a 
place in brooding. 

* Long brooder houses (such as shown in Figure 96) divided into pens 
are used on many commercial poultry farms. They are often equipped 
with sun porches to prevent the chicks from coming in contact with con- 
taminated soil. Such brooder houses are desirable for broiler production 
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Fig. 96. A long brooder house used for brooding chicks in confinement. 

or for raising pullets as long as they need artificial heat or the protection 
of a building. These brooder houses may be heated with hot water heat- 
ing systems as shown in Figure 97^ or by using a colony brooder stove in 
each pen. 

The long brooder house, when compared with the colony system of 
brooding, has the advantage of reducing the labor required for raising 
chicks; but it may have the disadvantage of a greater investment per 
one hundred chicks. 

A comparison of brooding systems. The Pennsylvania Agricultural 
Experiment Station in 1937 made a comparison of brooding systems for 
raising pullets in which were included the following brooders : hot water, 
hot water and electric, coal, oil, gas, electric, and batteries. The conclu- 
sions which were reached are as follows : 

Brooder pen temperature and relative humidity did not affect: (a) growth 
as measured by body weight at 10 and 16 weeks of age; (b) sexual develop- 
ment as measured by age at first egg; (c) plumage growth and condition as 
measured by: 

(1) Primary wing feather development of Barred Plymouth Rock pullets 
at 10 and 16 weeks of age; or 

(2) Plumage condition of Barred Plymouth Rock cockerels graded when 
eight weeks old. 

Pullets brooded exclusively or in part with electric brooders were heaviest 
at sexual maturity. All weight differences had disappeared when the pullets 
were 70 weeks of age. 

Variations in age at sexual maturity were not caused by differences in 
(1) protein level of the total ration consumed; (2) brooder pen temperature ; 
or (3) relative humidity in the brooder pen. 

The environmental conditions supplied by electric brooders in unheated 
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Fig. 97, An arrangement of a hot water brooding system. 


colony houses or in pens using auxiliary hot water heat did produce more 
rugged, vigorous, and healthy pullets. 

No beneficial effects were observed from the application of auxiliary hot 
water heat to pens in which electric brooders were used. 

No method of brooding employed was definitely superior to others in the 
development of layers. 

Pullets brooded exclusively with electric brooders laid heavier eggs at 
sexual maturity and throughout the pullet year. Differences in initial egg 
weight, as measured by weight of the first 10 eggs laid, probably were an 
indirect effect of variations in body weight, 

Single-Comb White Leghorn pullets brooded exclusively or in part with 
electric brooders, using exposed “black heat” resistance coils as the source 
of heat, required approximately 20 days longer to attain sexual maturity 
than comparable pullets brooded with hot water or coal stove brooders. 

Barred Plymouth Rock pullets brooded exclusively with a sinailaf electric 
brooder required approximately 30 days longer to attain sexual maturity 
than comparable pullets brooded with hot water, coal, oil, or gas brooders, 
and 14 days longer than those brooded under an electric brooder in a pen 
supplied with auxiliary hot water heat. 

The evidence leads to the conclusion that proper management of a good 
brooder, not the particular style of brooder or the kind of fuel used, is the most 
important consideration in successful pullet rearing. 

Time OF Hatching 

The time to hatch chicks for a given poultry enterprise is an important 
management problem. The nature of the poultry business and the objec- 
tives to be obtained must be kept in mind, as well as the climatic condi- 
tions which prevail where the enterprise is to be undertaken. 

Some general considerations. For a time the question of date of hatch- 
ing appeared to be. settled and the general recommendation was that 
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chicks should be hatched during the spring months (February to May). 
In recent years broiler raisers have found that fall and winter chicks are 
more profitable than spring-hatched chicks and commercial poultrymen 
have found that egg production can be maintained at a relatively high level 
throughout the year by having pullets coming into production at different 
seasons of the year. 

The Oklahoma Agricultural Experiment Station hatched chicks every 
two weeks throughout the year from December 31, 1923 to December 15, 
1924. This station reported some very interesting observations on the 
problem of time of hatch which are repeated here. 

The best hatches were secured between December 31 and April 7, in- 
clusive. 

The summer and fall hatches gave markedly poorer results. 

The chick mortality was greater for the summer and fall hatches than 
for the winter and spring hatches. The late winter hatches gave the low- 
est per cent mortality. 

The winter-hatched birds grew more rapidly than did the spring-, sum- 
mer-, or fall-hatched chicks. 

The spring-hatched individuals maintained a faster rate of growth and 
were heavier throughout the first laying year than were the summer- or 
fall-hatched pullets. 

The ''summer weather handicap” was especially noticeable in the 
growth of summer-hatched chicks. The growth of the fall-hatched chicks 
was checked due to winter weather before they attained maturity. 

The spring-hatched individuals were heavier at the beginning of pro- 
duction and were also older when laying began than were the birds 
hatched at other seasons. 

The birds that were hatched during the winter, summer, and fall 
months matured sexually at an earlier age than did those hatched during 
the spring season. 

A tendency was noted for seasonal variation in egg weight regardless of 
when the birds were hatched and the date that production started. All 
groups showed an upward trend in egg weight from September to Febru- 
ary and a downward trend from this point to July or August. 

The Spring-hatched pullets produced the heaviest eggs, on the average, 
with the winter- and summer-hatched birds next in order named; and the 
eggs produced by the fall-hatched birds averaged lightest in weight. 

There was little difference in the average egg production between the 
winter and spring hatches. The summer- and fall-hatched birds gave de- 
cidedly lower production. 

When the seasons were ranked according to the value of eggs produced 
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by the Birds hatched during each, spring is the most desirable, followed by 
winter, summer, and fall in the order named. 

Card investigated the effect of date of hatching on egg size and value 
of eggs laid. Table 30 shows the results he obtained. Leghorns hatched 

Table 30 

SIZE AND VALUE OF EGGS PRODUCED BY WHITE LEGHORN PULLETS HATCHED 
AT DIFFERENT SEASONS OF THE YEAR 


Pullets Hatched In — 

Weight of Eggs 

30 to 44 Grarcs 

45 to 54 Grams 

55 Grains & Over 

All Eggs 

Per Cent of Total Yearly Production Falling 

in Each Size Group 

May 

2.4 

45.6 

52.0 

100.0 

July 

4.8 

80.5 

14.7 

100.0 

September 

18.5 

69.4 

12.1 

100.0 

November 

37.2 

43.6 

19.2 

100.0 

January 

16.4 

61.9 

21.7 

100.0 

March 

6.9 

64.0 

29.1 

100.0 


Average Value per Dozeii of All Eggs Falling i?i Each Size Group 


May 

31.1^ 

30.7i 

292i 

29Ai 

July 

18.5 

24.7 

31.1 

25.3 

September 

15,6 

24.1 

36.3 

24.0 

November 

15.6 

25.4 

29.4 

22.6 

January 

18.6 

25.8 

30.8 

25.7 

March 

22.8 

26.5 

28.4 

26.9 


during the spring months produced larger eggs and eggs which com- 
manded a higher price than eggs laid by pullets hatched during the sum- 
mer and fall months. 

Broiler production. Since the commercial broiler raiser should produce 
fresh broilers and fryers at a time when few young chickens are being 
marketed from the general farm flocks, broiler chicks should be started 
during the fall and winter months when few chicks are being started in 
the general farm flocks. 

Commercial egg flocks. In commercial flocks where egg production is 
the principal objective, the practice of hatching layers at different seasons 
of the year has developed within recent years. Such a practice has the 
following advantages: (1) levelling out the production curve through the 
year; (2) better utilization of laying houses and equipment; and (3) more 
efflcient use of brooding facilities. 


3 Card, 1922. 
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Commercial poultrymen are hatching two or three times per year. If 
three hatches are made, January, April, and September are preferred. If 
two hatches are made, February and May, March and June, or April and 
September are preferred. Jeffrey of the New Jersey Agricultural Experi- 
ment Station reported in 1940 data which is tabulated as -follows: 


EFFECT OF DATE OF HATCH ON GROWTH, FEED CONSUMPTION, MORTALITY, 

EGG PRODUCTION, AND COST OF PRODUCTION 

SINGLE-COMB WHITE LEGHORNS 


Date 
of : 

Hatch 

Feed Consumed 
to 24 Weeks 
(Lbs.) 

Body Weight 
at 24 Weeks 
(Lbs.) 

1 Mortality 

to 24 Weeks 
(Per Cent) 

Cost Per 
Pullet Raised 
(Cents) 

Annual 

„ fgg. 
Production 

Jan. 15 

20.2 

3.1 

19.9 

87 

151 

April 1 

18.8 

2.9 

12.2 

70 

172 

June 15 

18.6 

2.9 

11.8 

50 

166 

Sept. 1 

21.8 

3.0 

8.5 

70 

151 

Nov. ' 1 

! 

22.5 i 

■ ■ ! 

3.2 

16.5 

87 

' 151 


These data indicate that under conditions which prevail in New Jersey, 
satisfactory egg production may be obtained with pullets hatched at dif- 
ferent seasons of the year. Pullets started in the winter cost considerably 
more to produce than pullets started during the spring and summer 
months. 


The Management of Young Stock 

The successful poultryman knows when and how to do the things 
which should be done at any given time. The best poultrymen are born 
as well as trained. There are many details that must be attended to and 
the good poultryman never neglects his poultry. Fortunate indeed is the 
poultry farm that has an experienced and “born” poultryman. 

Feeding THE Young Stock 

It is essential that the young stock be properly fed during the brooding 
and rearing period. Both starting and growing rations are given in Chap- 
ter Ten. The rations recommended in any state may be obtained by resi- 
dents of the state by writing to the department of poultry husbandry of 
their state agriculture college, as listed in the Appendix. 
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Feeding methods. , A well-balanced starting mash should be placed be- 
fore the chicks as soon as they are received — if purchased, or soon after 
they are removed from the incubator— if hatched on the premises of the 
poultry raiser. Chicks do not need to be starved after hatching, though 
they do have a reserve food supply in the form of recently absorbed egg 
yolk. 

For the first eight to ten weeks it is advisable to use only a starting mash, 
keeping it before the chicks. After that time the chicks should have both 
a growing mash and grain before them in hoppers. Chicks will select a 
suitable ration if they have an opportunity to choose the proper ingredi- 
ents. 

Feeding and watering equipment. Many chicks develop into culls be- 
cause they never have an opportunity to become anything else. It is a mis- 
take to raise more chicks than the equipment on the farm will accom- 
modate (Fig. 113). At least one inch of feeding space at the hoppers 
should be provided for each chick for the first six weeks and after that 
time the feeding space should be doubled. Each chick should be pro- 
vided with about one-half inch of space at the waterers, and this should be 
increased, as the chicks grow older, to always provide plenty of fresh 
water. 

Outdoor feeders should be placed on wire frames or moved frequently 
to prevent the ground around them from becoming contaminated. Ob- 
viously, feeders should be so constructed that there will be a minimum loss 
of feed. 

Growing green feed. Better pullets can be grown when the young 
stock has access to growing green feed (Fig. 125) . The poultryman 
should so manage the range as to provide succulent green feed through- 
out the growing period. In some sections of the United States this is no 
easy task as several crops must be planted during the season and a sum- 
mer drought interferes with plant growth. 

Where alfalfa range can be provided the pullets have ideal conditions for 
obtaining succulent green feed. Bluegrass is an ideal pasture crop for 
poultry during the spring and late fall. The clovers provide good pasture 
for poultry. Sudan grass, rape, and the cereal grains can be planted for 
summer pasture. Poultry can utilize pasture crops to best advantage when 
they are planted in rows so that the birds can range between the rows. 

A suitable pasture system for growing stock will reduce the cost of pro- 
ducing pullets and improve the quality of the stock matured. 

Finish cockerels and pullets separately. For best results in growing 
young stock the cockerels and pullets should be separated at an early age. 
In Leghorns and similar breeds the males can be identified by their comb 
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development by the time they are three or four weeks old. Heavy breed 
males and particularly those with rose combs usually cannot be identified 
before they are eight to twelve weeks of age. The males which are to be 
sold for broilers should be separated from the pullets by the time they are 
eight weeks old, if they can be identified. The males will have larger 
heads, coarser features, and shorter and more blunt tails than the pullets. 
They can be continued on a starter or broiler mash until they are sold. 
The pullets will have more room and they can be placed on a growing 
mash and otherwise managed for the production of layers. 

Cockerels intended for breeding purposes should be separated from the 
pullets to provide additional room for both the pullets and cockerels and 
prevent the cockerels from treading the pullets. Where a large number 
of cockerels are kept together precautions must be taken to minimize 
fighting. 

Cannibalism. This trouble, manifested by chicks by toe picking, tail 
picking, or feather pulling, frequently occurs when the brooder house is 
overheated, overcrowded, or the birds are too closely confined. Cannibal- 
ism is more often reported among white than among colored chicks. This 
is probably due to the fact that blood shows more plainly through the 
quills of white feathers. Chicks become ravenous when they get a taste 
of blood and will continue pecking the injured chick until it has been 
removed or completely devoured. 

In case these habits are developed the affected chicks should be isolated, 
and it may be necessary to darken the brooder house by hanging curtains 
over the windows. Chicks slightly wounded may be returned to the brood 
within a day or two if the injured parts are covered with tar or other anti- 
pick preparations. 

Cannibalism can be most effectively prevented by not overcrowding the 
house and by keeping the chicks busy. A fresh sod of grass placed in the 
house for the chicks to work over encourages exercise and may reduce toe 
picking and tail picking. Darkening the room and painting the windows 
with a ruby water-color paint are also helpful in preventing cannibalism. 
It is also well to supply the proper amount of protein, salt, and green feed 
in the ration to prevent unusual craving because of deficiencies in the diet. 
Cannibalism usually disappears as soon as the chicks are given fresh 
range. 

Crowding or piling. Chicks which have been chilled frequently crowd 
at night. Serious losses from smothering result when chicks develop the 
habit of crowding and piling. This trouble can be largely prevented by 
teaching the chicks to roost at an early age. 

Early roosting should be encouraged by providing low roosts when the 
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Fig. 98. Low roosts in the brooder house encourage early roosting. Wire netting under the 
roost poles keep the chicks out of the droppings. 

chicks are about three weeks old. Chicks seldom cause trouble by crowd- 
ing after they have learned to use the roosts. Narrow boards laid on 
bricks at the rear of the house make excellent starting roosts. As the 
chicks become accustomed to roosting, the boards may be raised gradually 
until they are two or three feet from the floor. Some poultrymen use 
roosting frames (Fig. 98). A roosting frame fits into the rear end of the 
house and is covered with narrow roost boards spaced about five inches 
apart. Inch mesh poultry netting fastened underneath the roost poles and 
down the front side prevents the chicks crowding under the frame. Sixty 
feet of roosting space should be provided for each one hundred birds kept 
in the house or range shelter after twelve weeks of age. A satisfactory 
roost is a 2'' x 2" with the upper corners rounded. 

Grow healthy pullet programs. Most states, through their agricultural 
extension service, have developed programs designed to produce better 
pullets for the laying flock. These programs have been instrumental in 
reducing mortality in the young stock. The essentials of these programs 
are: 

1. Glean Chicks 

(a) Chicks from stock officially tested for pullorum disease. 

(b) They should be free from other diseases as far as known, 

(c) They should be from stock which has demonstrated ability to produce 
vigorous, livable checks. 

(d) Chicks hatched in clean incubators. 

2. Clean Brooder Houses 

(a) Clean, scrape, and scrub, with lye water. 

(b) Disinfect with government-approved disinfectants. 

(c) Clean all equipment used for brooding. 
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Fig. 99. Screened brooder houses and sun porches. The birds receive fresh air and sunshine 
without the dangers of contaminated range and diseases carried by flies, mosquitoes, and 
other insects. 


3. Clean Litter 

(a) Change litter when it becomes damp, or once each week for the 
first eight weeks. 

(b) Keep litter dry at all times. 

4. Clean Feed and Water 

(a) Place all feeders and waterers on wire platforms in the house. 

(b) Move hoppers and movable water pans to a clean spot on range each 
week. 

(c) Use platform and dry well beneath automatic water fountains. 

5. Clean Range 

(a) Land not used by poultry for two years or more. 

(b) Land not contaminated by drainage water or by the spreading of 
poultry manure. 

(c) Clean brooder house before moving to clean range. 

6. Clean Management 

(a) Maintain a quarantine between young and old stock. 

(b) Avoid crowding both in the house and on range. 

(c) Teach chicks to range by moving feed and water. 

The use of sun porches. Where the ground around the brooder house 
is contaminated with disease-producing organisms or parasites, the use of 
sun porches makes possible the growing of healthy chicks even when per- 
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Fig. TOO. A well-constructed range shelter built on skids to facilitate moving. 

manently located Brooder houses are used. In recent years many poultry- 
men have constructed sun porches (Fig. 99). They are also used in con- 
nection with long brooder houses which are used for brooding chicks or 
poults (Fig. 96). ^ 

The floor should be covered with wire sufficiently strong to withstand 
the use which will be made of it. For small chickens a one-half inch 
mesh hardware cloth makes a desirable floor but for older chicks and 
turkeys a l"x T' or a T'x2'' mesh wire of about -gauge material 
makes a substantial floor. Sun porches should be constructed so that 
feeders and waterers can be placed along the sides, thus increasing the 
amount of feeding and watering space available. 

The use of range shelters. The development of the summer range 
shelter has done much to improve the quality of young stock being 
grown by poultry raisers. The range shelter serves a very useful purpose 
because it provides ideal roosting quarters for pullets started in permanent 
brooder houses or for surplus stock from colony brooder houses. A range 
shelter 10' x 12' as shown in Figure 100 provides room for 125 pullets to 
mature. It can easily be moved to clean range several times during the 
summer, thereby keeping the pullets on clean range and providing them 
with growing green feed. 
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One-iach mesh, 18-gauge poultry netting may be used for the sides and 
ends. The floor should be lJ4'inch mesh, 14-gauge poultry netting, or 
T'x2^', 1254'g^tige wire. The roof may be metal, shingles, or composi- 
tion roofing. 

Shade. It is very necessary that growing stock during hot weather be 
provided with either natural or artificial shade. The range shelter pro- 
vides some shade; other means may be used to provide artificial shade. 
Natural shade as provided by trees, shrubs, or growing crops such as corn 
and sunflowers makes an excellent arrangement for shade. 

Moving the pullets to laying quarters. The pullets, if grown on range, 
should be left in the colony house or range shelter until they are ready to 
begin laying. Their sexual maturity may be judged by comb and body 
development. Since pullets of the same age vary considerably in their age 
at sexual maturity it is well to leave the immature birds on range until 
late in the fall. Undeveloped and slow-maturing pullets should be mar- 
keted. The laying house should be cleaned thoroughly and the pullets 
should be given separate quarters. 

It is advisable to make changes gradually in rations and feeding 
methods. Sudden changes will cause laying pullets to stop production. 
Pullets should be caught and handled carefully. The colony house or 
range shelter should be closed the night before the pullets are to be 
moved. The pullets should be carefully driven into catching coops or 
chutes early the next morning. They should be culled when handled, the 
best pullets being sent to the laying pens, the inferior prospective layers 
being sent to market, and immature but good prospects being left. 

Battery Brooding 

Within recent years battery brooding of chicks has developed quite ex- 
tensively. The advantages of battery brooding of chicks may be listed as 
follows: (1) This system may be used where it is impossible to use 
other systems of brooding. (2) Chicks can be supervised more closely. 
(3) Chicks can be kept away from organisms that cause disease better 
than if they were on range. (4) Chicks of different ages can be separated 
more easily. (5) Battery brooding is ideally adapted to feeding investi- 
gations with chicks where accurate feed and growth records are required. 

The disadvantages of batteries for brooding are the following: (1) The 
average operator cannot produce satisfactory pullets with them. (2) Bat- 
tery equipment should be supplemented with floor brooders if pullets for 
flock replacement are raised. (3) There is more trouble with cannibalism 
with chicks brooded in batteries than with chicks raised on range. These 
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disadvantages may be overcome when the nutritional and other require- 
ments of chicks become better known. 

The principal users of batteries for brooding chicks are hatcheries for 
brooding surplus or started chicks; broiler raisers near or in cities who 
sell dressed broilers; and laboratories that conduct feeding tests with 
chicks. 

Types of batteries. There are two general types of batteries — the warm 
room battery brooder and the battery equipped with a heating system 
(Fig. 94). If the warm room type of battery brooder is used for raising 
broilers, it is necessary to have at least two and preferably three rooms 
where the chicks may be brooded: one for starting the chicks where the 
temperature is about 90° F., reducing it about seven degrees each week; 
one for growing the chicks from the third to sixth week where the tem- 
perature is from 75° F. down, being reduced as the chicks become older; 
and a room where the temperature is 60° F. or less but where the chicks 
are comfortable. 

Batteries equipped with heating systems, usually electric, are more ex- 
pensive than warm room brooders but they are generally preferred. The 
temperature of these batteries can be regulated accurately. 

The battery brooder room. Batteries are used in many kinds of rooms 
with results which indicate that the building or room is an important fac- 
tor in the successful brooding of chicks in batteries. Most operators over- 
crowd the battery room. A room or building used for battery brooding 
should be so located and so arranged that it is convenient for the work to 
be done. It should have a concrete floor to facilitate cleaning. The build- 
ing should be ratproof and mouseproof. The ceiling should be at least 
eight feet high and preferably nine or ten feet high. There should be three 
or four feet of space between the tops of the batteries and the ceiling. The 
battery building should be insulated to conserve heat during the winter 
and keep the room cool in summer. Windows should be so arranged as to 
provide sufEcient natural light for the chicks to eat and drink. The room 
should be ventilated so that the chicks have sufficient fresh air at all times. 

The batteries should be arranged in the room so that the work involved 
in caring for the chicks can be reduced to a minimum. Aisles at least 
three feet wide should be left between the brooders. Running w^ter in the 
room and to the batteries saves much labor. 

Since battery brooding is a recent development and the requirements 
rather difficult to determine, very little has been known about the condi- 
tions which influence the results obtained with battery brooders. Most 
recommendations have been based on experience. The Larro Milling 
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Company in recent years has investigated the space requirements for chicks 
brooded in batteries. 

Space required. Results obtained at the Larro Research Farm show that 
the cubic space as well as the floor space per chick should be considered. 
For most satisfactory growth 450 cubic inches of space in the batteries 
should be provided for each pound of live weight. One hundred chickens 
weighing two pounds each would require 90,000 cubic inches of space in 
the batteries or eight compartments 30" x 30" and 12^2 inches high. The 
floor space requirement per chick is about as follows: 


Age in 

Square Inches Floor 

Weeks 

Space per Chick 

1 and 2 

10 

3 and 4 

20 

5 and 6 

30 

7 and 8 

40 

9 and 10 . . 

60 

11 and 12 

75 


Temperature. Chicks must be kept comfortable, but too much heat is 
detrimental to growth and development. The brooder room where heated 
batteries are used should be kept between 60 °F. and 70 °F., and the tem- 
perature of the batteries regulated to suit the comfort of the chicks. A 
proper temperature for starting chicks is from 90°F. to 95 °F. This can be 
reduced about seven degrees each week as the chicks develop. More im- 
portant than an exact degree of temperature is the reaction of chicks; they 
should not huddle or otherwise appear uncomfortable. 

Ventilation. Fresh air is essential for growth and health in chicks. 
Where chicks are brooded in small rooms, windows located on the sides of 
the buildings may provide sufficient ventilation to supply the oxygen 
needed and carry away the carbon dioxide produced as well as the excess 
moisture which accumulates in rooms where chicks are brooded. In large 
plants, specially built ventilators with forced-draft circulation are necessary 
to ventilate the battery room adequately. 

Moisture. Too dry an atmosphere in the battery room will cause poor 
feathering, slow growth, and increased mortality. Extremely high humid- 
ity may also cause poor results. A relative humidity of 60 to 70 per cent 
will give very satisfactory results. In cold weather or when the outside air 
is very dry, it will be necessary to sprinkle the floor to increase the humid- 
ity inside the room. Excess moisture may be carried away by increasing 
the ventilation of the room. • 

Feeding and watering space. Sufficient feeding and watering space 
must be provided for each brooder compartment to give the chicks room 
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to eat and drink when they so desire. Most batteries are equipped with 
feeders and waterers on all sides. There should be at least one inch of 
feeding space per chick for the first six weeks and one and one-half inches 
per chick for the second six weeks. Baby chicks can be encouraged to eat 
by filling the feeders full during the first two or three days. 

Sanitation in the battery room. Sanitation in the battery room is nec- 
essary to prevent disease and to provide the chicks with suitable growing 
conditions. The feeders should be kept clean and the waterers should be 
scrubbed as often as is necessary to keep them clean but at least twice each 
week. The droppings pans should be cleaned daily and the pans covered 
with acid phosphate. After each lot of chicks is removed from the bat- 
teries, all parts of the brooders should be thoroughly cleaned and disin- 
fected. The brooder room should also be cleaned thoroughly. If there 
has been an outbreak of disease, the room and all equipment should not 
only be thoroughly cleaned but the room containing all equipment used 
should be fumigated with formaldehyde gas before other chicks are placed 
in the batteries. (See page 183 for recommendations.) 

Broiler Production 

The bulk of the broilers produced in the United States are the by-product 
of pullet replacement programs designed to produce the layers needed in 
the general poultry flocks of the country. Therefore, the production of 
these broilers is seasonal and most of them reach the markets during the 
summer and early fall months. 

To meet the demand for fresh broilers and fryers during the winter and 
spring months there has developed the so-called broiler industry which is, 
however, engaged mostly in the production of fryers. 

Specialized broiler production has during recent years developed into an 
important industry in some areas. The more important areas producing 
these broilers are located in Maryland, Delaware, Virginia, Connecticut, 
New York, California, Georgia, Pennsylvania, Arkansas, and Indiana. 
The broilers and fryers produced in these areas are usually grown in two 
crops, one being started in the fall and another soon after the first crop is 
marketed at about fourteen weeks of age, which is generally in December, 
January, or February. 

Breeds used for broiler production. The kind of chicks used for broiler 
production varies with the location of the area. Table 31 shows that in 
Maryland Barred Rocks and the Red-Rock cross are most popular. Barred 
broilers often demand a premium in the eastern markets. Since crossbred 
chicks grow more rapidly up to the fryer stage than do purebred chicks 
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(assiiming that vigorous stock is used in the matings), many broiler rais- 
ers prefer such chicks. 

Table 31 

BREEDS OF CHICKS USED FOR BROILERS ^ 


Breed 

Per Cent of Total I 

Per Cent Change 

1934-35 

1935-36 i 

1 

Straight Barred Rock 

61.4 1 

30.7 1 

-so.o 

Crossbreed (Red-Rock) 

34.7 

65.8 

89.6 

Others 

3.9 

3.5 

-10.2 

Total 

100.0 

100.0 



Before the war, in the northwestern Arkansas broiler-producing area 
white varieties were used almost exclusively. White Wyandottes and White 
Plymouth Rocks, known on the markets as Arkansas White Rocks, were 
used. More recently there has been a decided shift to New Hampshires. 

Broiler production practices. Practices used in specialized broiler-pro- 
ducing areas are not greatly different from those used by other commercial 
poultry producers in raising young stock. Three systems of brooding are 
commonly used : colony, permanent, and battery. Battery brooding is used 
by producers located near their market, particularly where the broilers are 
sold dressed. It is rather difficult to grow in batteries broilers which will 
sell well as live broilers, because of poor feathering, breast blisters, and 
other defects. Colony brooders are used quite generally for producing 
broilers in all sections of the United States. This system is an economical 
system to use where only a few hundred broilers are raised. Many of the 
large broiler farms use colony brooder stoves in long brooder houses. 

Capon Production 

The art of caponizing is exceedingly old, dating back to the pre-Chris- 
tian era. As early as 37 b.g,, Cato and Varro stated in their hook. Roman 
Farm Management that “the altered males are called capons.” Reaumur 
in his book The Art of Hatching and Bringing up Domestic Fowls, etc., 
published in 1750 a.d., mentioned the fact that capons can be trained to 
care for young chicks. 

The caponized male as it develops takes on some of the characters of the 
female. The comb and wattles do not develop (Fig. 39), and capons are 
less active than cockerels. 


^ Md, Agr, Expt. Sta. Bui. 410, 
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The objects of caponizing. The principal object of caponizing is to im- 
prove the quality of the meat produced. This is the same objective the 
farmer has in castrating male calves or pigs. The improvement in the 
quality of the meat insures a better price for capons than for cockerels 
which have become staggy. There is also a slight weight advantage for 
capons as compared to cockerels when the birds are seven or eight months 
old, when they are usually sold. Contrary to public opinion, capons will 
become tough-meated after they are more than one year old. 

Breeds to caponize. Since capons are raised for meat, it is evident that 
only those breeds should be caponized which are efficient producers of * 
high-quality meat. Barred and White Plymouth Rocks, Rhode Island 
Reds, New Hampshires, and White Wyandottes make good capons. 
Other general-purpose and heavy breeds may be used for commercial 
capon production but the above-mentioned breeds give the most consistent 
profits. Yellow-skinned breeds are preferred on the markets. The strain 
selected should be rapid growing and early maturing but large enough to 
demand top prices. Leghorns and other light breeds may be caponized 
for family use. 

Time to caponize. The size of the cockerel is the most important con- 
sideration in deciding when to caponize. Cockerels weighing from one 
and one-half to two pounds are the most satisfactory size on which to oper- 
ate. The operation is more successful when performed on young birds. 
Chicks hatched in May can be caponized in July and be ready for the mar- 
ket in December. June-hatched chicks can be finished as January or Feb- 
ruary capons. 

Preparation of the birds for the operation. Feed and water should be 
withheld from the cockerels twelve to eighteen hours before the operation 
is performed. This starvation period empties the intestines and thereby 
gives the operator more room in the body cavity to perform the operation. 
It is believed that withholding water from the birds will reduce the amount 
of bleeding. If the feed and water are removed in the late afternoon from 
the pens where the cockerels are located, the birds will be ready for the 
operation the following morning. 

Only strong, healthy cockerels should be selected for caponizing. Un- 
thrifty and slow-growing birds should be marketed as broilers, as they will- 
not develop into profitable capons. 

The operation. The most satisfactory way to learn to caponize chickens 
is to get instruction and experience by working with an experienced opera- 
tor. A brief description of the operation will be given here for the benefit 
of those who desire to learn something about the operation before attempt- 
ing to do the work. Birds weighing one and one-half to two pounds are 
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about the correct size for caponizing. The bird can be held in place on a 
barrel head or table by weights attached to the legs and wings (Fig. 101). 

The operation is simple and •almost anyone can do the work after he has 
had some experience. When the incision is to be made, the skin and mus- 
cles beneath the skin should be drawn toward the hip and the incision 
made between the last two ribs. The operator should avoid cutting any 
large blood vessels in the skin. The incision should be about three-fourths 
inch in length. Figure 101 shows the incision which has been made, the 
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spreaders in place which hold the ribs apart, and the forceps being used to 
remove one of the testicles. The danger in the operation lies in rupturing 
the blood vessels which are located near the gonads* Birds which die soon 
after the operation should be dressed and used. 

Before gaining entrance to the body cavity it is necessary to use a sharp 
pointed hooked-probe to tear the membrances which line the body cavity. 
If the incision is made at the correct location the testicles can be located 
easily— attached to the back at the forward end of the kidney. The size 
of the gonads varies with the sexual maturity of the bird, but in birds 
weighing one and one-half pounds they will be only slightly larger than 
a grain of wheat. They are usually yellowish in color but may be grayish 
or black. 

The experienced operator can remove both testicles through one open- 
ing, but the amateur will have best results by making an incision on each 
side of the body. The size of the opening should be as small as is con- 
venient for the operator’s work. 

When the testicles are removed the spreader should be closed and re- 
moved from between the ribs. The skin and the muscles underlying it 
will find their position and form a natural bandage over the incision be- 
tween the ribs. 

Slips. If any part of the testicle is left inside the body cavity the bird is 
not completely castrated. As it develops, instead of becoming a capon, it 
shows the characters of the cockerel and is known as a slip. Sometimes 
these male characters do not appear until just before the birds are ready 
for market, their development depending upon the amount of testicular 
material left in the body cavity. Slips usually command a price between 
that of the capon and cockerel. 

Care of the birds after the operation. Soon after the operation the birds 
should be placed in a house without roosts where they have access to the 
same ration they have been receiving. They should be kept under these 
conditions for a week to ten days. 

Wind puffs are quite common among recently caponized birds, and 
their occurrence need not cause any alarm or indicate faulty teachnique. 
Wind puffs are caused by air escaping from the. air sacs of the abdominal 
cavity which were punctured by the operation; the air passing through the 
opening which was made between the ribs collects under the skin which 
has healed. The only remedy is to puncture these puffs with a sharp 
knife each day until they cease forming, which will usually be within two 
weeks after the operation. 

Marketing capons. Capons can be finished for market by keeping a 
growing mash and whole corn before them in hoppers. Those who wish 
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to improve the finish may do so by mixing milk (liquid or condensed) 
with the mash or grain and giving the birds twice daily an amount they 
'will clean up in from fifteen to twenty minutes. A capon is finished for 
the market when it is free of pin feathers and the body is well covered with 
fat An examination of the fat under the wing on the side of the breast 
should show that all blood vessels are hidden by a layer of creamy or 
yellowish fat. 

There is usually a good market for capons from November to April, 
with the highest prices generally prevailing after January. The general 
farmer sells capons as live birds to dealers. Poultrymen who produce a 
large number of capons may sell to dealers in a large city market or kill 
and dress for special outlets. 

Caponizing other species of fowl. Since there is some interest in turkey 
capons, it is well to mention the results reported on this subject by the 
Kansas State Agricultural Experiment Station. The experimenters 
caponized turkeys and guineas and made observations on growth and de- 
velopment of the capons and uncastrated males of these species. They 
concluded that there was no difference in weight up to one year of age, 
but that at eighteen months of age the capons were somewhat fatter than 
normal males. Since turkeys are usually sold on the market before they 
are one year old and the quality of the meat of young toms is excellent up 
to that time, there is evidently no advantage in caponizing turkeys. Sim- 
ilar conclusions relative to guineas may be drawn. 

Growth and feed consumption. Table 32 shows the relative size of 
cockerels and capons at twenty-four weeks of age. At this time there is 
little difference in the size of cockerels and capons. Table 37 shows the 

Table 32 


COMPARISON OF GROWTH OF PUREBRED AND CROSSBRED CAPONS AND 
COCKERELS. AVERAGE WEIGHT IN GRAMS (454 GRAMS = 1 LB.) 

AT TWENTY-FOUR VFEEKS OF AGE ^ 



1935 

1936 

. , Strains ' ■ 

Capons j 

[ . Cockerels . j 

Capons j 

Cockerels 


No. 

• Wt. 

'No. 

Wt, 

! No. 

Wt. 

1 No. . 

Wt. 

Barred Rocks. ..... 

41 

2535 

43 

2839 

31 

2739 

34 

2572 

Rock X Reds. ...... 

S. C R. L Reds. . . 

41 

2938 

39 

2851 

14 

2504 

14 

2536 

Red X Rocks i 





13 

2612 

14 

2849 

New Hampshires. . . : 





29 

3092 

27 

2917 

N. H. X Rocks ■’ 





12 

.. 1 

2632 

12 

2662 


^ Annin and Halpin, 1938. 
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Fig. 102. Effect of high temperatures on the growth of chickens. 


amount of feed required to produce one pound of gain with cockerels 
and capons to thirty-two weeks of age when their average weight was 
about seven pounds. 

Feeding and management The feeding and management of capons is 
not unlike that of other growing stock. They should receive a good grow- 
ing mash and grain in hoppers. They should be raised on clean range 
where there is growing green feed and plenty of shade during the sum- 
mer, and otherwise receive treatment similar to that given growing pullets. 


Growth in Chickens 

There are a number of factors which influence the rate of growth in 
chickens. These factors may be classified as hereditary, environmental, 
and nutritional. Some breeds when mature are large, whereas others 
are small. Some strains grow more rapidly than other strains and males 
usually grow more rapidly than females. 

Temperature as a factor influencing growth* Supplementary heat is 
essential for the growth of chicks in cool weather. High temperature ex- 
erts a depressing influence on the growth rate of chickens (Fig. 102) . It 
will be observed that when the temperature goes above 90°F. during the 
growing period, growth is retarded. 

Early-hatched (February) pullets grow more rapidly to twenty weeks 
of age than late April-hatched pullets if hot weather prevails during the 
summer months. However, at maturity there will be no difference in 
weight because when growth is retarded by high temperatures it will be 
accelerated later when more favorable conditions for growth prevail. 

Other environmental factors affecting growth. The rate of growth in 
chickens is influenced by the space available for the growing stock, the 
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ventilation of the brooding room, and the humidity of the atmosphere. 
Ordinarily growth is not retarded by the ventilation or humidity of the 
brooder room, but insufficient fresh air and an atmosphere that is either 
too humid or too dry will retard growth. Failure to provide sufficient 
room for the growing stock is a common cause of poor growth in 
chickens. 

Nutritional factors influencing growth. The effects of proteins, min- 
erals, and vitamins on growth are discussed in Chapter Nine and may 
be omitted here. In addition to providing the necessary nutrients for 
growth, it is necessary that the feed be given in a palatable form and in 

Table 33 


FEED CONSUMPTION PER HUNDRED SINGLE-COMB 
WHITE LEGHORN CHICKS, 1929 ® 


Age in 
Weeks 

Lbs. of Mash 

Lbs. of Mash 
to Date 

Lbs. of Grain 

Lbs. of Grain 
to Date 

Lbs. of Mash 
and Grain 

Lbs. of Mash 
and Grain 
to Date 

1 

14,42 

14.42 



14.42 

14.42 

2 

23.56 

37.98 



23.56 

37.98 

3 

31.55 

69.53 



31.55 

69.53 

4 

46.97 

116.50 



46.97 

116.50 

5 

58,21 

174.71 



58.21 

174.71 

6 

64.75 

239.46 



64.75 

239.46 

7 

80.14 

319.60 



80.14 

319.60 

8 

73.73 

393.33 



73.73 

393.33 

9 

68.14 

461.47 

1^38 

16.38 

84.52 

477.85 

10 

58.62 

520.09 

22.73 

39.11 

81.35 

559.20 

11 

55.02 

575.11 

26.12 

65.23 

81.14 

640.34 

12 

55.13 

630.24 

32.11 

97.34 

87.24 

727.58 

13 

54.36 

684.60 

37.45 

134.79 

91.81 

819.39 

14 

48.31 

732.91 

42.41 

177.20 

90.72 

910.11 

15 

50.66 

783.57 

42.44 

219.64 

93.10 

1003.21 

16 

59.73 

843.30 

34.37 

254.01 

94.10 

1097,31 

17 

61.01 

904.31 

34.43 

288.44 

95.44. 

1192.75 

18 

68.51 

972.82 

29.31 

317.75 

97.82 

1290.57 

19 

68.55 

1041.37 

37.35 

1 355.10 

105.90 

1396,47 

20 

68.19 

1109.56 

40.41 

395,51 

108.60 

1505.07 

21 

82.85 

1192.41 

31.34 

426.85 

114.19 

1619.26 

22 

71.83 

1 1264.24 

38.72 

465.57 

110.55 

1729.81 

23 

66.14 

' 1330.38 

56.86 

522.43 

123.00 

1852.81 

24 

1 66.91 

! 1397.29 

48.13 

570.56 

! 115.04 

1967.85 


AVERAGE WEIGHT OF ABOVE CHICKS 


8 Weeks 16 Weeks 

Males 1.36 lbs. ... 

Females... 1.15 lbs. 2.36 lbs. 


® Pa. Agr. Expt. Sta. Bui. 246. 

'X 
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feeders where the birds have access to liberal quantities of it, as needed. 
A good feeder can produce more rapid gains than one who is inexperi- 
enced. 

Feed Consumption of Growing Chickens 

The amount of feed required to produce a pound of gain or to grow a 
pullet to maturity is important to the poultryman. The amount of feed 
required to grow a pullet to twenty-four weeks of age in complete con- 
finement has been determined for Single-Comb White Leghorns and 
Barred Plymouth Rocks by the Pennsylvania Agricultural Experiment 
Station, as shown in Tables 33 and 34. 

Table 34 


FEED CONSUMPTION PER HUNDRED BARRED PLYMOUTH 

ROCK CHICKS, 1929 


Age in 
Weeks 

Lbs. of Mash 

Lbs. of Mash 
to Date 

Lbs. of Grain 

Lbs. of Grain 
to Date 

Lbs. of Mash 
and Grain 

Lbs. of Mash 
and Grain 
to Date 

1 

14.23 

14.23 



14.23 

14.23 ' 

2 

23.99 

38.22 



23.99 

38.22 

3 

27.74 

65.96 



27.74 

65.96 

4 

44.10 

110.06 



44.10 

110.06 ^ 

5 

63.47 

173.53 



63.47 

173.53 

6 

77.25 

250.78 



77.25 

250.78 

7 

85.20 

335.98 



85.20 

335.98 1 

8 

88.86 

424.84 



88.86 

424.84 ^ 

9 

79.36 

504.20 

1192 

1192 

93.28 

518.12 

10 

77.27 

581.47 

20.69 

34.61 

97.96 

616.08 ^ 

11 

72.48 

653.95 

24.16 

58.77 

96.64 

712.72 1 

12 

66.03 

719.98 

34.76 

93.53 

100.79 

81151 1 

13 

72.96 

792.94 

27.41 

120.94 

100.37 

913.88 

14 

62.45 

855.39 

38.28 

159.22 

100.73 

1014.61 

IS 

64.02 

919.41 

43.38 

202.60 

107.40 

1122.01 j 

16 

64.28 

983.69 

^ 52.55 

25115 

116.83 

1238.84 ! 

17 

68.51 

1052.20 

47.56 

302.71 

116.07 

1354.91 , 

18 

83.98 

1136.18 

37.98 

340.69 

121.96 

1476.87 ; 

19 

81.38 

1217.56 

41.87 

382.56 

12125 

1600.12 1 

20 

70.18 

1287.74 

64.13 

446.69 

134.31 

1734,43 i 

21 

62.26 

1350.00 

70.48 

517.17 

132.74 

1867.17 1 

22 

74.85 

1424.85 

75,50 

592.67 

150.35 

2017.52 i 

23 

64.25 

1489.10 

72.59 

665.26 

136.84 

2154.36 ! 

24 

56.70 

1545.80 

66.93 

732.19 

123.63 

2277.99 


AVERAGE WEIGHT OF ABOVE CHICKS 

8 Weeks 16 Weeks 

Males.. ..1.53 lbs. 

Females 1.33 lbs. 3.10 lbs. 

Ubid. 
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Review Questions 

1. Should any poultry raiser use natural methods of brooding? 

2. List the requirements for artificial brooding. Discuss each. 

3. Define a colony brooding system. 

4. Name the types of brooder stoves and list some advantages of each type. 

5. How much feeding space at the hoppers is recommended for chicks? 

6. Why were stationary brooding systems abandoned for some time? 

7. Is the brooding system used or the management of the brooder most 
important in growing chicks? Explain. 

8. When should chicks be hatched for growing layers? Explain. 

9. How can cannibalism among chicks be reduced? 

10. How can crowding be prevented? 

11. List the essential practices of a healthy pullet program. 

12. Why are sun porches used in growing chickens? 

13. What are some of the advantages and disadvantages of battery brooders? 

14. How much room should be provided per chick raised in batteries? 

15. What breeds are most popular for broilers? 

16. Why are chickens caponized? 

17. When should they be caponized? 

18. How can wind puffs be controlled? 

19. How much feed does it take to grow an eight-pound capon? 

20. Compare the rate of growth of cockerels and capons. 

21. What effect does hot weather have on the growth of chickens? 

22. How much feed is required to grow a Leghorn pullet to twenty-four 
weeks of age? 
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CHAPTER EIGHT 


Housing Principles 
and Practices 


Poultry is housed for comfort, protection, efficient production, and con- 
venience of the poultryman. 

The chicken, as a wild jungle fowl, sought safety and rest on the high 
limb of a tree or in the thick underbrush. The jungle served for protec- 
tion against the hot sunlight. The bird tucked its head under its wing 
and drew its feet up under its body and was well protected against cold by 
its covering of feathers. Line breeding to fix desirable characters and man- 
agement to secure continued high egg production have so reduced the 
vitality of poultry that housing is necessary for the birds to survive. Artifi- 
cial protection is necessary to offset the general reduction in bodily vigor. 
The more birds are forced for production, the more attention that will 
have to be given to improved housing conditions. 

If birds are housed in comfortable quarters where they are neither too 
warm nor too cold, they will lay more eggs. The more spring-like condi- 
tions that can be maintained in the house, the greater production that may 
be expected. More birds suffer and die as result of extremely hot summer 
weather than as a result of extremely cold weather. Both extremes of 
temperature cause a slump in egg production. If birds are kept com- 
fortably warm in the winter, less feed will be required to maintain body 
temperature and a bigger percentage of the feed eaten will be used for egg 
production. 

Birds that are housed and confined to yards are more easily cared for. 
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Eggs are laid in nests rather than in some hidden spots, and are more 
easily gathered. Proper housing protects birds from predatory animals 
and from destruction by larger domestic animals. 


Housing Requirements 

Birds must be housed comfortably in order to produce well. They need 
adequate room in the house, sufficient air space and ventilation to prevent 
‘'stuffiness” in the house, a moderate temperature, dry living quarters, and 
daylight. 

Floor space. The floor space allotted per bird is important from the 
standpoint of results obtained with both growing stock and laying hens. 
The space required for growing stock has been discussed in the preceding 
chapter. 

There has been very little experimental study of the floor space required 
for laying hens. Practical poultrymen differ widely in their opinion re- 
garding the most practical floor space per hen. It is customary to allow 
about three square feet per bird in case of the light breeds, such as the 
Leghorns, and four square feet per bird in case of the general-purpose 
breeds, such as the Plymouth Rocks. 

More floor space is needed for birds kept in confinement than for those 
given range part of the time. It is customary to increase the floor space 
about 25 per cent over the above recommendations for birds kept in strict 
confinement. 

The amount of floor space needed per bird will vary with the size of the 
pen. If the pen is large enough to accommodate one hundred or more 
birds, less floor space is needed per bird than in a pen that will accom- 
modate only ten to twenty birds. 

Overcrowded birds are less contented. Feather picking and cannibalism 
are more likely to occur in overcrowded pens. Lowered egg production 
and egg eating are other troubles that are more likely to be encountered in 
overcrowded pens. Egg production, of the weaker individuals in particu- 
lar, is likely to suffer. The more individuals in a pen, the more “bossy” 
birds present and the greater the number that will be bullied. 

The more floor space per pen, the less the labor required to care for the 
birds. It requires nearly twice as much labor to care for birds in pens of 
twenty to one hundred as it does to care for them in pens that accom- 
modate five hundred to one thousand each. The customary size of pen 
will accommodate about two hundred birds. However, on commercial 
farms the pens often accommodate five hundred to one thousand birds. 
The more birds kept in a pen, the greater the chances of spreading disease 
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and poultry vices. In a small pen the trouble can spread only to the fifty 
to one hundred birds in the pen, but in the large pen it can spread to the 
entire five hundred to one thousand birds. 

Ventilation. Ventilation in the poultry house is necessary to provide 
the birds with fresh air and to carry off moisture. It needs to be provided 
without exposing the birds to drafts. 

Since the fowl is a small animal with a rapid metabolism, its air require- 
ment per unit of body weight is high in comparison with that of other 
animals (Table 35). A hen weighing 2 kilograms, and on full feed, pro- 
duces about 52 liters of COo every 24 hours. Since the CO 2 content of 
expired air is about 3.5 per cent, the total air breathed amounts to 5 liter 
per kilogram live weight per minute. 

The amount of air space needed per bird will vary with the rate of 
movement of the air. The greater the difference between the inside and 
outside temperature of a house, the greater the movement of air between 
the inside and outside. A house diat is tall enough for the attendant to 
move around in comfortably will supply far more air space than will be 
required by the birds that can be accommodated in the given floor space. 

In providing ventilation, drafts should be avoided as they make birds 
susceptible to colds, roup, and bronchitis. 

Exchange of air between the inside and outside of the house will help 


Table 35 


ESTIMATED AIR CONSUMPTION OF DIFFERENT 

animals ^ 


Species of Animal 

Man 

Goat 

Rabbit. . . . 
Chicken. . . 
Guinea pig 

Rat 

Mouse. . . . 


Liters of Air per Kilogram 
of Weight per Minute 

1 

2 

4 

5 

6 

.... l.S 

.... S.l 


to keep the pens dry. Hens exhale a lot o£ moisture in respiration (p. 281) 
as well as eliminating some by way of the excreta. This needs to be car- 
ried away by proper ventilation. 

Temperature. Hens need a moderate temperature of 50 to 70°F. 
They suffer from extreme heat or cold. Birds need a warmer temperature 
at night, when they are inactive, than during the day. 


^Mitchell and Kelley, 1934. 
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Temperature regulation in the house should be based on the critical 
temperature (p. 280) and management of the birds. The critical tempera- 
ture may be as high as 62 °F. for hens on the roosts at night and with no 
feed in the intestinal tract to be digested. It may drop to 15 during 
the day for laying hens that have access to feed. 

Aids toward keeping the house at a comfortable temperature during 
cold weather include the elimination of excessive air space, keeping the 
house filled to capacity, insulation of the house, and restricted ventilation. 
There are times during the winter when artificial heat is desirable. It in- 
creases the water-holding capacity of the air, creates a movement between 
air inside and outside of the house, and aids in keeping the house dry. 

The use of insulation not only keeps the house warmer during the 
winter months but cooler during the summer months. Cross ventilation 
also aids in keeping the house comfortable during hot weather. 

Dryness. Dryness in the poultry house is desirable. Birds require a 
lot of water as well as air because of their rapid metabolism. Most of it 
is eliminated by the lungs in the form of vapor or by way of the excreta in 
the form of liquid. If it is not removed by proper ventilation or frequent 
cleaning of the litter, it is a menace to the health and management of the 
birds. 

Disease-producing organisms thrive better in damp quarters than in dry 
ones. On the other hand, they are not distributed so easily by dust 
particles if the house is fairly damp. However, it is likely that more dis- 
ease germs are picked up from wet litter than inhaled from dusty litter. 

If the house is damp and the litter wet, more soiled eggs will be pro- 
duced. The use of thick litter on the floor and stirring it up frequently 
will help prevent floor condensation of moisture in the spring. The use of 
insulation will prevent wall and ceiling condensation of moisture. The 
windows or ventilators should be opened just enough to* prevent window 
condensation of moisture. The use of a little artificial heat will increase 
the water-holding capacity of the air, aid air movements, and remove 
moisture from the house. 

Light. Daylight in the house is desirable for the comfort of the birds. 
They seem more contented on bright, sunshiny days than on dark, cloudy 
ones. Birds do fairly well when kept under artificial lights. 

The tendency today is to reduce the amount of window space in poultry 
houses to one square foot for each twenty to forty square feet of floor 
space. It cuts down the light intensity and thereby reduces the troubles 
from such vices as feather picking and cannibalism. Reducing the amount 
of window space also reduces the heat loss from the house. Insulation is 
not very effective if there are a lot of windows for heat loss. 
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Sunlight in the poultry house is desirable for the destruction of disease 
germs and for supplying vitamin D, However, ordinary window glass 
shuts out the beneficial- rays. The windows should extend from near the 
floor to near the ceiling so that when they are open during the summer, 
sunlight can shine on the floor and on the birds. 

Location of the House 

In planning a poultry house, the location should be taken into considera- 
tion. The location with respect to the other buildings, the exposure, the 
soil and drainage, shade and protection, and a number of other factors 
should be considered. 

Relation to other buildings. The poultry house should not be so close 
• to the home as to create unsanitary conditions. If the birds are to be given 
range, sufScient space should be provided around the house for a double 
yarding system. The house should not be too far away from the home 
because this will require more time in going to and from the house in 
caring for the birds. At least three trips should be made daily to the 
poultry house in feeding, watering, gathering the eggs, etc. Also, if the 
poultry house is too far away from the home, it is more likely to be visited 
by thieves. The poultry house should not be located in the barnyard. 
The chickens are a nuisance around the barn lot. They may be killed or 
injured by the larger livestock. It is impossible to provide a clean range 
for the birds when they have the run of the barnyard. 

The old idea seems to have been to fence the yard, garden, orchard, etc., 
to keep the chickens out. The new idea is to fence the chickens in. They 
should be provided with a double system of yarding (p. 255) or kept in 
total confinement. If the latter system is practiced, and it is increasing in 
popularity, the location of the house is of less importance. 

Exposure. The poultry house should face south or east in most locali- 
ties. A southern exposure permits more sunlight to shine in the house 
than any of the other possible exposures. This is especially true of winter 
sunlight. 

An eastern exposure is almost as good as a southern one. Birds prefer 
morning sunlight to that of the afternoon. The birds are more active in 
the morning and will spend more time in the sunlight. 

Western and northern exposures are objectionable in most localities. 
The prevailing winds and storms come from the west or north in most 
cases. The house needs to be faced so that the prevailing winds and rain 
do not blow in the open windows. Reducing the window space helps 
control this trouble. 
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Soil and drainage. The poultry house should be placed on a sloping 
hillside rather than on a hilltop or in the bottom o£ a valley. A sloping 
hillside provides good drainage and affords some protection. A hilltop 
location leaves the house exposed; it is harder to ventilate without drafts 
and more difficult to keep warm. A valley location means more dampness 
from fog and poorer drainage. 

The type of soil is important if the birds are to be given range. A fertile, 
well-drained soil is desired. This will be a sandy loam rather than a 
heavy clay soil. A sandy soil is well aerated and drains well. Pathogenic 
microorganisms do not live well in sandy soil. A fertile soil ’will grow 
good vegetation, which is one of the main reasons for providing range. 
A heavy clay soil is objectionable because it does not drain well, and 
pathogenic microorganisms, such as coccidia, parasite eggs, and bacteria, 
will live in it for a long time. 

If the poultry house is located on flat, poorly drained soil, the yards 
should be tiled. Otherwise, the birds should be kept in total confinement. 

Shade and protection. Shade and protection of the poultry house are 
just as desirable as for the home. Trees serve as a windbreak in the winter 
and for shade in the summer. They should be tall, with no low limbs. 
It is better to have no shade than that produced by low shrubbery. The 
soil becomes contaminated under the shrubbery, remains damp, and sun- 
light cannot reach it to destroy the disease germs. 

Protection of the poultry house from prevailing winds by a hillside, a 
barn, or other large buildings, will make it easier to ventilate and to keep 
warm in the winter. 


Kinds of Poultry Houses 

Poultry houses are classified in several different ways. These include 
size, portability, purpose, style, and type of construction. 

Sizes of houses. Houses vary in size, depending on the number of 
birds to be housed and the size of units in which they are to be kept 
(Fig. 103). 

Colony houses are one-room buildings intended for housing single flocks 
or colonies of birds. They are usually some distance from each other on 
range. 

Multiple-unit houses are long houses consisting of several rooms. Each 
room is like every other room and is known as a pen. In fact, a multiple 
unit house is essentially several colony houses built into a single structure. 

Multiple-story houses comist of two or more stories. They are popular 
on large commercial poultry farms where it would be impractical to pro- 




colony house; a 


From top to bottom: a poor 
multiple-story house. 
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vide range. Multiple-story houses require less ground, less roofing, and 
are easier to heat than multiple-unit houses. On the other hand, they re- 
quire heavier timbers for construction, increased labor in getting materials 
to the upper floors, and are more difficult to ventilate. 

Portability of houses* Houses may be constructed so that they are mov- 
able or so that they must remain in one place. 

Portable houses are small one-room colony houses that are built on run- 
ners or skids so that they may be moved from place to place. By moving 
the houses from place to place, clean green range may be provided. 
Portable houses are generally used for brooding chicks. ' 

Permanent houses are built on a permanent foundation and are, there- 
fore, immovable. They usually have cement floors. Permanent houses 
are generally multiple-unit or multiple-story houses. 

Purpose of houses. Houses are constructed for several different pur- 
poses on the poultry farm. 

Brooder houses are used for brooding chicks. Colony houses are used 
for this purpose on general farms and breeding farms. These houses are 
generally 10 to 12 feet wide and 12 feet deep. The houses may be moved 
from place to place to provide clean grass range. Where several colony 
houses are scattered over a range, much labor is required in caring for the 
birds. 

Multiple-unit brooder houses are used on large commercial farms. The 
pens are close together and often a centralized heating plant is used. 
These factors reduce the labor required for caring for the birds. Range is 
generally not provided because it soon becomes contaminated, since the 
buildings are immovable. 

Rearing houses are used to shelter the chicks from the time they no 
longer need brooder heat until they are placed in the laying house. This 
period will vary from two to four months, depending on the season of 
year and the breed of chickens. Colony and multiple-unit brooder houses 
are often used for this purpose. Range shelters (Fig. 100) are popular for 
housing pullets on range after they no longer need heat. The colony 
houses generally contain more pullets than can be cared for comfortably 
as they approach maturity. The range shelters make it possible to separate 
the birds in smaller groups. 

Laying houses hold the laying hens. They vary all the way from one- 
room colony houses to multiple-story houses. Instead of being provided 
with brooding equipment, they are provided with nests and equipment 
more suitable for older birds. Laying houses also serve for breeding 
houses. If pen matings are used, smaller pens are made in the laying 
house, or the breeders are kept in separate small houses. 
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Fig. 104. Types of roofs for poultry houses; A, shed; B, combination; C, gable; D, monitor; 
E, semi-monitor; F, A-shaped. 


Styles of poultry houses. The style of the poultry house makes little 
difference as long as the comfort of the birds is provided. There are sev- 
eral styles of poultry houses with reference to types of roofs (Fig. 104) . 

Shed-type houses have single-pitch roofs. They are the simplest style of 
poultry house construction and require the least lumber for a given floor 
space. Shed-type poultry houses are the most popular type among poultry- 
men. 

Gable-type houses require more material and labor for construction. 
They are suitable for straw-loft type of construction. Some poultrymen 
put a ceiling floor in gable roof houses and use the space in the gable for 
storage. Multiple-story houses often have gable roofs. 

Combination-type houses have double-pitch roofs in which the ridge 
between the two slopes is not midway from front to back. Most of the 
houses have the long slope to the rear. Like the gable type, the combina- 
tion roof requires more material and labor than the shed roof. 

The monitor and semi-monitor type houses are expensive and not practi- 
cal. They were popular in the early days of poultry house construction. 
Both types have a large amount of air space and are hard to keep warm. 

Types of construction. Several different types of building materials 
are used in constructing poultry houses. These include wood, hollow tile, 
concrete blocks, and metal. 

Wood houses are most popular because of ease of construction and gen- 
eral availability of building material (Fig. 105). The outside wall is 
generally drop siding (Fig. 106). There is considerable heat loss through 
single wall wood construction. The use of sheathing or insulation board 
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on the inside, to provide double wall construction, greatly reduces the heat 
loss. Wood houses require frequent painting. 

Hollow tile houses (Fig. 105) are popular in areas where tile is produced 
and is cheap. The heat loss through hollow tile wails is less than through 
single wall wood construction. The tile is durable, the outside does not 
require paint, no inside insulation is used, the walls are ratproof, and the 
house is fireproof. 

Concrete bloc\ houses are not widely used because they are costly and 
permit considerable heat loss through the walls. Some houses are built of 
lighter blocks made of cinders and concrete (Fig. 105). 

Metal houses (Fig. 105) are sold by some commercial firms. If of single 
wall construction, they are cold. Some of them have double wall con- 
struction and insulation material between the walls. Metal houses are 
expensive but durable and easy to keep clean. 

House Construction 

There are many different kinds, sizes, and types of construction of 
poultry houses. The 25'x 30' shed-type wood poultry house is probably 
the most popular house in use on general farms. It will accommodate a 
flock of 200 to 250 birds. It can be increased in length with an increase in 
the size of the flock. Since the 25'x30' shed-type wood house is a typical 
practical poultry house, the general details of its construction will be dis- 
cussed. 

The foundation. Most permanent poultry houses have concrete foun- 
dations and floors. They are durable, ratproof, and easily cleaned. Be- 
fore starting to dig the ditch for the foundation, square the corners by 
fixing one side of the site of the proposed house. With this as a base, 
locate the other corner posts by using the 6-, 8-, and 10-foot combination, 
measuring 6 feet from one end of the fixed line and 8 feet from the same 
line at right angles. The angle between the two lines is fixed by measur- 
ing 10 feet from the 6-foot mark of the fixed line to the end of the 8-foot 
line, thereby making a square corner. 

The depth at which the ditch should be dug for the foundation for the 
walls will depend upon the height of the house and the dangers of heaving 
as a result of freezing. Generally, the foundation should be at least 6 
inches thick, and extend about 18 inches below the surface of the ground. 
If the soil is firm and does not cave in, it will not be necessary to build a 
form beneath the surface of the ground. The top of the foundation wall 
should extend at least 12 inches above the ground level (Fig. 107). 

The concrete mixture should be a I:2k2 :3i4 mixture with 5 to 6^ 



Fig. 106- Heat loss through different types of wali construction. The use of sheathing on 
the inside of the studs, with the spaces between the studs filled with shavings, as shown abovei 
provides one of the best methods of practical insulation for poultry houses. (Ohio Extension 
Bulletin 94 ,) 
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Fig. 107. Side view of shed-type poultry house. (Ohio Extension Bulletin 94.) 


gallons of water per sack of cement. The foundation and post footings 
for a 25' x 30' house will require about 4^4 c^^bic yards of concrete, con- 
sisting of the following: 


Portland cement 26 sacks 

Sand (fine aggregate). ............ cubic yards 

Stone (coarse aggregate) 334 cubic yards 


The floor. The top of the concrete floor should be at least 10 inches 
above the outside ground level. The space inside the foundation and 
beneath the floor should be built up about 8 inches above the outside 
ground level with gravel covered with cinders, and well tamped. A layer 
of tar paper may be placed on top of the cinders before the concrete is 
poured in order to further ijihibit the possible capillary rise of water 
through the floor. 

The concrete floor should be sloped to a floor drain at one side of the 
house. The layer of concrete should be 2 to 3 inches thick. The cement 
mixture consists of a 1:2:3 mixture with 4^4 to 514 gallons of water per 
sack of cement. The entire thickness of the floor may be poured at one 
time. The top of the floor should be finished with a wooden trowel in 
order to produce a smooth surface, and the finish should be made with a 
light trowel. The floor should be kept wet for several days after being laid 
in order to permit the concrete to harden without cracking. 

A floor for a 25' x 30' house will require about 634 cubic yards of con- 
crete, consisting of the following: 


Portland cement. . . . . . . ....... . . . 45 sacks 

Sand (fine aggregate) 344 cubic yards 

Stone (coarse aggregate). . . ....... 5 cubic yards 
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The framework. The sills are usually 2x4 inches, laid on the broad 
side and bolted to the concrete foundation by bolts, inserted in the con- 
crete foundation at the time it was poured. Heavier sills are used for 
multiple-story houses. Sometimes two 2 x 4’s are spiked together for sills. 

Runners, 3 x 4 or 4 x 6 inches in size are used as sills for portable houses. 
Portable houses that are to be moved on runners must be braced extra well 
in the corners to stand the strain of moving. 

Joists for wooden floors are either 2 x 4 or 2 x 6 inches, depending on 
the span. They should be 16 to 20 inches apart. If the space is over 10 
feet, a center support should be used for 2 x 4-inch joists. 

SUiddings are 2x4 inches and spaced 2 to 4 feet apart and to fit windows 
and doors wherever necessary. They are toe-nailed on the sill and should 
be set plumb with a spirit level and braced well until sheathed. The 
corner studs are generally doubled, making them 4x4 inches. 

Plates are 2 X 4 inches laid flat on top of the studding. They are halved 
or spliced and nailed together at the ends or over a post or stud. The 
plates are spiked to the top of the studding. Sometimes 4x4 plates are 
used. They are made by spiking two 2x4’s together. 

Rafters are 2 x 4 or 2 x 6 inches, depending on the size of the building. 
The larger rafters should be used where the clear span is 12 feet or more or 
in climates where the roof must support much snow. The rafters are gen- 
erally spaced 2 feet apart. 

Purlins are 2x4’s or 2x6’s set on edge on posts to support the roof. 
They are placed lengthwise of the house and about midway of the length 
of the rafters, which rest on them. 

About 1200 B.M. feet of lumber are required for the framework for a 
25' X 30' laying house. * 

Walls and partitions. The walls in shed-type houses are usually 5 feet 
high in the rear and 8 feet in the front. In gable-type houses, they are 
usually 6 to 7 feet high in both the front and rear. Wood wall construc- 
tion is generally used. Drop siding, Pattern No. 106, makes a very de- 
sirable outside wall (Fig. 106). 

Partitions are generally spaced every 20 or 30 feet in multiple-unit or 
long laying houses. About every other partition should be solid. The 
middle partition may be wire netting. Drafts are created by wind entering 
one end of the house and sweeping through it, unless checked by solid 
partitions. 

Windows. Windows are used for admitting light and may be used for 
ventilation. 

The front windows should extend from near the floor to near the ceiling 
in order to secure the best distribution of light on the floor and to carry 
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out the warm foul air from near the top of the pen. The windows should 
be evenly spaced across the front of the house. One square foot of window 
space should be provided for about 20 square feet of floor space. 

The windows should be so arranged that they may be easily opened and 
closed and will not have to be removed during the summer. One practical 
arrangement is illustrated in Figure 108. The top sash is hinged to the 
bottom one and opens in to provide ventilation. It may be folded down on 
the lower sash and the entire window turned back against the wall during 
the warm summer months. The studdings are so spaced at the side of the 
window that the sash will fold back between them. 

Rear windows were placed in poultry houses years ago in order to get 
better distribution of light over the floor. This was desirable when scratch 
grain was fed in the litter, but is now no longer necessary with the more 
sanitary methods of feeding. Either rear windows or ventilators are de- 
sirable in poultry houses in order to provide cross ventilation during hot 
weather. They should be broad but not extend down very far, so that 
they will not be close to the dropping pits. 

Ordinary single-strength window glass in 9"xl2'' panes is, satisfactory 
for poultry house windows. Single-strength glass permits the passage of 
more beneficial rays of sunlight than double-strength glass and yet is 
sufficiently strong when used in small panes. Glass substitutes are not 
durable and have to be replaced too often to be practical. 

The roof. The kinds of roofing most generally used on poultry houses 
are the so-called “prepared roofing,” built-up roofing, metal roofing, and 
shingles. 

Prepared roofing which is available in rolls of different degrees of thick- 
ness is widely used on poultry buildings. It is cheap and easily put on. 
However, it soon becomes loose, strips blow off, and it has to be replaced 
often. Sheathing is first put on the rafters, the roofing is tacked to the 
sheathing with large-headed nails, the seams overlapped, and the surfaces 
cemented together. The thicker the roofing material, other things being 
equal, the better the product. When the doors or windows are open and 
the wind blows, some pressure is built up in the house. The wind gets 
under the roof through cracks and holes in the sheathing, the nail heads 
are loosened, and strips of roofing are blown off after a year or so. Good 
grade tongue-and-groove sheathing should be used to prevent this trouble. 
Prepared roofing will also fit tighter if it is put on during warm weather. 

Built-up roofing consists of several layers of roofing paper and asphalt 
over wood sheathing. The sheathing should be of tongue-and-groove 
boards to prevent the wind from blowing through from the underside to 
loosen the roof. The first weight of roofing paper which should weigh 
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Fig. 109. This diagram shows the manner in which a built-up roof is applied to a board roof 
(1). The felt base (2) is applied to the sheathing and the edges are protected with a strip of 
metal. (3) Roofing {4, 5, 6) is applied and asphalt (7) is then applied over the entire roof. 
(Ohio Extension Bulletin 94.) 

sixty pounds per square, is laid on the sheathing and nailed down tightly 
with the cap spacing nails. The other layers of roofing paper, varying 
from two to four in number, are laid horizontal with the sheathing and 
cemented down with hot asphalt (Fig. 109). 

A built-up roof costs no more than a heavy-ply prepared roofing, but 
lasts much longer. Some poultrymen experience difficulty in applying the 
asphalt and for that reason prefer one of the other types of roofing. 

Metal roofing. Metal roofing for poultry houses is increasing in popu- 
larity. It is durable and will last for years before an application of paint 
is necessary. The rafters need to be lathed to hold the roofing but do not 
need to be sheathed. This reduces .the amount of lumber required. 

Modern metal roofing has a double crimped edge. The crimps of one 
sheet fit over those of the next one. This prevents water from getting 
. through the roof by capillary attraction. Metal roofs do not require a steep 
slope to prevent leakage. They may be used on shed-type as well as 
gable-type houses. 

Metal roofs do not make the house hotter than other forms of roofs and 
do not cause condensation of moisture, if the ceiling is insulated. 




(Ohio Extension Bulletin 94.) 










Fig. m. A multiple-unit laying house showing straw ceiling insulation. 

Insulation. The poultry house should be insulated for protection 
against both heat and cold. It is more important that the ceiling be 
insulated than the sidewalls. Most of the heat from the sun comes down 
through the roof and most of the heat lost from a house goes out through 
an uninsulated roof. Heat loss through different types of construction is 
shown in Figure 110. One of the types of insulation for a shed-type house 
is tongue-and-groove sheathing on the inside of the studding and rafters 
and the spaces between the inside and outside walls stuffed with shavings, 
dry sawdust, ground corn cobs, or finely cut straw. Metal or hardware 
cloth may be tacked over the sheathing pear the perches and other places 
where rats may find a place to stand to ghaw through the insulation board. 

Metal roofing may be used in place of the tongue-and-groove sheathing 
to line the inside of the house for insulation purposes. It is durable, rat- 
proof, does not need painting, and is easily cleaned. 

Fiber insulation board, while having good insulation value, is unsatisfac- 
tory for insulating poultry houses. The material must be thick and soft to 
have good insulation value. When this type of material is used, it is 
picked by chickens, easily gnawed through by rats, punctured easily by 
cleaning equipment, and becomes warped when wet. 

Straw loft insulation used in many midwestern gable-roof poultry houses 
is satisfactory (Fig. 111). The straw is supported on wire netting and 
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Fig- 112. A well-equipped poultry house. Note the sanitary meta! feeders and waterers, 
perches and dropping boards, nests, electric lights, insulation, partitions, and oil heater. 

should be 12 to 18 inches deep. At the ends of the house above the straw, 
there should be ventilators to allow air to pass out from above the straw. 

Permanent tongue-and-groove ceiling may be put in gable-roof houses; 
shavings or other insulation material may be put between the joists; a floor 
may be put on top of the joists; and the gable room space used for storage 
of litter, feed, or poultry equipment. 

Laying-House Equipment 

Good laying-house equipment is essential for satisfactory production. 
It should be simple in construction, movable, and easily cleaned. The 
perches, nests, feeders, and waterers are of particular importance (Fig. 112) . 

Perches. Perches are essential for chickens but not for waterfowl for 
prevention of soilage of feathers by the droppings. They should be as far 
away as possible from probable drafts. 

The perch poles should be spaced about 14 or 15 inches apart and made 
of 2 X 2-inch material with rounded tops. Heavy 1^4 -inch poultry netting 
should be tacked on the under side of the perch section. This will prevent 
the birds from coming in contact with the droppings on the dropping 
boards or in the dropping pit. The perch sections should be in 5 to 6-foot 
sections and not more than 5 or 6 perches wide, for ease in handling. The 
rear perches should rest a little higher than those at the front, if they are 
arranged to be horizontal with the length of the house. This will en- 
courage some of the birds that like to roost high to go to the back perches. 
Otherwise, all of the birds will want to roost on the front perches. Some 
poultrymen prefer to have the perch poles at right angles to the front of the 
house. The facing of the perches is of minor importance. SufEcient perch 
space should be provided to provide 8 to 10 inches per bird. 

Dropping boards were formerly recommended, and are still widely used 
for holding the droppings that are voided during the night while the 
birds are on the roosts. They are usually built like tables and are about 2% 
feet from the floor (Fig. 107). The perches rest on short legs on the drop- 
ping boards and are about 4 to 6 inches above them. The dropping boards, 


HOUSING 


249 


by retaining nearly half of the droppings voided, aid in, keeping the litter 
clean and living conditions more sanitary. The dropping boards and 
perches should not be more than three feet from the floor. Birds in heavy 
production that jump or fly on or off of high perches are more likely to 
rupture the egg-'production organs. High perches may be one factor 
responsible for an unusual number of blood spots (p. 78), or eggs loose 
in the body cavity. 

Dropping pits (Fig. 116) are replacing dropping boards in many poultry 
houses because they have several advantages. Dropping pits are easier and 
cheaper to construct than di'opping boards. The same perches are used 
in both cases. In case of the pits, the droppings are allowed to fall on 
litter on the floor beneath the perches. The perches are about 18 inches 
from the floor at the rear and about 12 inches at the front. The front of 
the perch section rests on a board wdiich keeps the birds from getting in the 
pit beneath the perches. The dropping pits need not be cleaned as often 
as dropping boards. Dropping pit perches are lower than those with drop- 
ping boards. There is less danger of rupture or bruising the feet in get- 
ting on and off of the perches. Trouble encountered in teaching newly 
housed pullets to roost is eliminated by the use of low dropping-pit perches. 
At first thought, one would expect dropping pits to take up too much 
valuable floor space. This is not the case because the birds spend much of 
the time during the day on the perches, when they are low. The dropping 
pits act much like a section of the pen with a wire floor. Since birds spend 
much of the time during the day over the dropping pits, a bigger per- 
centage of the droppings is collected in the pit and the litter remains clean 
for a longer period. 

Nests. Nests should be roomy, movable, easily cleaned, cool and well 
ventilated, dark, and conveniently located. 

Nests are usually constructed 14 inches square, 6 inches deep, and with 
about 15 inches head room. All-metal nests are preferred to wood nests 
because of ease of cleaning and less chance of becoming infested by mites. 
The entire battery of nests should be movable for convenience in cleaning. 

One nest should be provided for every five or six hens. In case the birds 
are trap-nested, one nest should be available for every two or three birds. 
Dark nests are desirable because birds prefer seclusion when laying. They 
result in less scratching in the nest, less egg breakage, and less egg eating. 
Batteries of nests may be placed against the end walls or partitions and 
along the posts supporting the roof in the center of the house. 

Trap nests (Fig, 61) differ from regular nests in that they are provided 
with trap doors by which birds shut themselves in when they enter. Trap 
nests are essential on poultry-breeding farms (p. 128) . 








Fig. 113. The use of equipment which keeps the birds out of the feed and water will reduce 
contamination by droppings, and therefore lessen the spread of bacterial and parasitic dis- 
eases. Upper, 2, 3, 5, and 6 in left half and 1 on right half, drinking vessels for small chicks- 
3 and 4 in right half, drinking vessels for pullets; 1 and 4, left half, feed hoppers for chicks; 
2 right half, feed hopper for mature birds. Lower, 1 to 4, mash hoppers for small chicks; 5 to 
7 , mash hoppers for pullets. Right, sanitary hopper for mature birds. 
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Feeders. The feeders should be easy to fill, easy to clean, built to avoid 
waste, so arranged that the fowls cannot roost on them, high enough that 
the birds cannot scratch litter in them, and constructed in such a manner 
that as long as they contain any feed at all, the fowls will be able to reach it. 

Sufficient feeders should be available so that there will be one foot of 
eating space for every thi*ee or four birds. More hopper space is recom- 
mended now than in former years because both the grain and mash are 
hopper fed, whereas in former years the scratch grain was fed in the litter. 
Several different styles of feeders are shown in Figure 113. All metal 
feeders that slope inward toward the bottom are more desirable than rec- 
tangular, boxlike wooden feeders. 

A section of the feed hopper may be partitioned for oyster shells or 
other grit. It is advantageous to have the source of calcium for eggshell 
formation near the feed hopper. 

Watering devices. Satisfactory watering devices should keep the water 
clean, be available and easily cleaned, and prevent spillage of water around 
the vessels. 

A hundred hens will drink from three to six gallons of water or milk 
per day, depending on size of birds, rate of production, salt content of the 
ration, and weather conditions. Therefore, two or three water buckets or 
vessels of equivalent capacity should be provided for each hundred hens. 
A rack (Fig. 113) should be provided for holding the bucket, in order that 
the bird may stand on it and drink until the vessel is empty. Various 
forms of covers are provided for open pans and crocks to keep birds out 
of them. Drinking fountains are provided for young chicks, and in some 
cases for older birds as well. Troughs with automatic float valves and 
other automatic watering devices are used on commercial farms where 
large numbers of birds are kept and running water is available. 

Lights. Artificial lights are used in laying houses to stimulate fall pro- 
duction of hens, to bring late- or slow-maturing pullets into production, 
and to delay or hasten birds through the molt. 

About a forty- watt bulb to a pen that will accommodate fifty to one 
hundred birds is sufficient. The light is usually placed in the center of the 
pen and over the feeders and water stands. The use of a broad, flatlike 
reflector will throw more of the light toward the floor and on the birds. 

Morning, evening or all-night lights are satisfactory. Morning lights 
are most generally used. Some automatic device is used for turning on the 
lights about 3 ;00 or 4:00 a.m. A simple home-made device attached to an 
alarm clock may be used for this purpose (Fig. 114). 

Catching equipment. Catching coops, hurdles, and catching hooks are 
valuable equipment for the poultry farm. The birds may be driven into 





Fig. 114. A homemade device for turning on the electric lights in the laying house. 

one end of the house with the aid of wire frame hurdles and on into rows 
of catching coops lined up end to end with the doors open at both ends. 
The birds may be caught with these aids with a minimum of labor and 
with little fright or injury to the birds. Collapsible, bottomless wire coops 
(Fig. 70) are of particular value to hatcherymen for culling and blood-; 
testing work. A catching hook and coop (Fig. 115) are handy devices for 
catching birds. 

Broody coop. A broody coop with a wire bottom, located at one end 
of the dropping boards or dropping pit, is useful for holding broody birds 
or those that have been injured. Less labor is involved in removing and 
caring for broody or injured birds if they can be cared for in the pens 
where they belong. This is especially true if the birds are on some kind 
of an experimental test. 


1 i Cleaning equipment. Some useful tools for cleaning purposes include 

I shovels, brooms, scrapers, etc. 

I Spray pump. A spray pump is satisfactory for applying disinfectant 

after a house or equipment has been thoroughly cleaned. 

Incinerator. An incinerator should be conveniently located for burning 
dead or diseased birds. 

‘s: 




Fig. 115. Catching coop and hook. The birds may be driven out through the chicken door 
into the catching coop. 

Manure shed. A screened-in manure shed should be available for hold- 
ing droppings or litter that cannot be disposed of at once. Manure piles are 
breeding places for flies. These and other insects are carriers of disease. 

Care of the House 

The house must be carefully managed if satisfactory results are to be ob- 
tained. A good house and equipment are only the first steps toward suc- 
cessful poultry production. Essential everyday poultry house management 
practices to be carried out include ventilation, temperature control, and 
sanitation. 

Ventilation of the poultry house. The house may be ventilated by 
means of the windows and without the aid of special ventilators. 

In summer both the front and back windows should be kept wide open 
in order to secure cross ventilation. The doors in the ends of the building 
should also be left open, and wire or screen-covered doors used to keep the 
birds confined. 

In the fall and spring, when weather conditions are quite changeable, 
the rear windows or ventilators and the end doors should be kept closed. 
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Fig. 116. Details for roosts and dropping pit. (Ohio Extension Bulletin 94.) 


Ventilation should be provided through the top sash of the windows (Fig. 
108) . These should be opened back or folded down, depending on the 
season of the year. Most of the troubles from faulty ventilation start in 
the fall. The house is often filled to capacity and left wide open with cross 
ventilation. If a cold, chilly storm comes along, the birds are exposed to 
drafts and may contract a cold developing into bronchitis or roup. Once 
a few of the weaker birds have become ill, the trouble is easily spread to 
others in the flock. Correcting the ventilation after the birds have been 
exposed is too late to prevent the onset of the trouble. Weak, parasitized, 
or poorly nourished birds are most likely to be affected first. 

In the winter the windows should be adjusted to take advantage of all 
the outside temperature possible. A thermometer should be kept outside 
of the house as well as inside. When the outside temperature goes above 
the inside temperature during the day, the upper sash of the front windows 
should be opened. When the outside temperature starts to drop, tlie win- 
dows should be closed to retain as much heat as possible. During thawing 
weather, the house will become quite wet unless the windows are opened. 
If the temperature cannot be kept above freezing in the house, when the 
building is tightly constructed, the windows should never be completely 
closed. The more moist exhaled air kept in the house when the tempera- 
ture is below freezing, the greater the danger of frozen combs and wattles. 

Temperature control in the house. Extremes of temperature should be 
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avoided in the house, as far as possible, through practical means. Insula- 
tion of the house and cross ventilation will help prevent extreme heat in 
the pens in summer. 

Insulation, elimination of high ceilings or unnecessary air spaces, keep- 
ing the house filled to capacity, and proper window ventilation will help 
keep the inside temperature above that of the outside temperature in 
winter. In spite of all these practices, the temperature in the house will 
drop below freezing, at least a few times during the winter, in most of the 
central and northern states. This will interfere with egg production and 
in the case of breeders will result in lower fertility and hatchability. 

A coal, wood, or oil brooder stove may be used in the laying house dur- 
ing cold winter weather. One stove will provide sufficient heat to keep 
the temperature from going below freezing in a well-insulated pen that will 
accommodate five hundred to one thousand birds. There are not many 
days that supplementary heat will be needed. The use of a little heat will 
not only make the birds more comfortable but will aid in drying out the 
house. 

Sanitation. Sanitation (p. 373) should be practiced every day in the 
year. The larger the farm and the more birds in a pen, the more rigidly it 
should be enforced. Every sick or injured bird should be removed as soon 
as noticed and put in a separate small building, used as a hospital. 

The droppings and litter should be removed as often as necessary to 
prevent wet, dirty, foul-smelling conditions in the house. They should be 
removed at once to some distant part of the farm where chickens will not 
range. If this is impractical, they should be stored in a screened-in manure 
shed. 

The feeders and waterers should be kept clean and partly filled at all 
times. 


Yards 

Good range is desirable for healthy birds, good egg production and 
hatchability, and reduced feed costs. However, the use of range requires 
that the birds be kept in small groups and in small houses scattered over 
the farm. This adds to the cost of production through the necessity for 
land and increased housing and labor costs. Poultrymen find that for com- 
mercial egg production, at least, it is more economical to keep the layers in 
confinement. 

Alternate yarding may be used with small groups of birds in small 
houses. While the birds are ranged in one yard, the other one may be 
plowed and planted with a cover crop. One yard should extend out on 
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Fig. 117. Cindered yards provide fresh air and sunshine where clean range is not available. 

one side of the house and the other one on the opposite side. The yards 
should be the width of the house and extend fifty to one hundred feet 
from it. Even with a two-yard system, the vegetation soon disappears 
1 1 near the house and the yard becomes dirty. 

li Cindered yards may be used to provide sunlight and fresh air without 

j the necessity for range (Fig. 117). They may be used in front of long 

j multiple-unit houses where attempts to supply range would be impractical. 

I , They may also be used where the henhouse is in the barnyard with no 

ground for poultry yards. The cindered yards should extend along the 
entire front of the house and six to ten feet out from it. 

! Fencing the old birds off of the range where young chicks or turkeys are 

j j to be ranged is an absolute necessity. The old birds are often carriers of 

’ parasites, coccidia, and bacterial diseases to which the young stock is very 

I I susceptible. A five-foot wire fence is desirable. The large wing feathers 

; on one wing may be clipped to prevent the birds from flying out of the 

I - yards. 

j Laying Batteries 

j Laying batteries have been advocated in recent years, principally by bat- 

I tery manufacturers. The claims are made that more birds can be housed 

in a given space, that mortality will be less, egg production better, and 
labor cost lower. 
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Housing requirements. Houses for laying batteries need to be of better 
construction than for birds kept on the floor. More attention needs to be 
paid to the ventilation and heating of a house which contains laying bat- 
teries. The birds are confined to small compartments (Fig. 6), and are 
unable to move about to get away from drafts and to keep warm. 

By the use of batteries, it is possible to keep from two to three times as 
many birds in a given floor space. The better type of house construction 
required and the cost of batteries add to the housing cost until the actual 
cost per bird in batteries or on the floor is very little different. 

Management of caged layers. Caged layers may be fed whole grains, 
mash, and oyster shells scattered along in troughs in front of them. They 
may pick out what they need. Automatic watering devices are generally 
installed so that a small stream of water is always passing along in the 
water trough. A layer of paper is generally used in place of dropping pans 
under the birds. These are pulled out and removed when sufficient 
manure has collected on them. When eggs are laid, they roll to the front 
of the cage, where they may be removed. 

Losses from cannibalism are prevented by keeping layers in cages. 
However, the total mortality from all causes is about the same among 
caged layers and those kept on the floor. It is difficult to keep the laying 
batteries and the room in which they are kept, clean. 


Review Questions 

1. Why house poultry? 

2. What seasonal conditions should be attempted in the laying house? 

3. A house 20' x 30' will accommodate how many birds? 

4. What are the principal ill effects of overcrowding? 

5. What are the advantages and disadvantages of keeping small numbers of 
birds in a pen? 

6. What diseases are likely to develop as a result of birds being exposed to 
drafts? 

7. Should the house be warmer during the day or night? Why? 

8. What are the sources of moisture that cause damp houses? 

9. What are the advantages of using artificial heat in laying houses? 

10. What are the advantages and disadvantages of reducing the amount of day- 
light in poultry houses? 

11. Which direction should the house face? Why? 

12. What type of house is easiest to construct? 

13. Why are monitor-type houses objectionable? 

14. What should be the composition of a concrete mixture for poultry house 
floors ? 
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15* How are concrete floors constructed to prevent the capillary rise of water 
through them? 

16. What is one of the best types of ceiling insulation? 

17. How many feet of perch space are needed for one hundred hens? 

18. Why are dropping pits better than dropping boards? 

19. How many nests should be provided for five hundred hens? 

20. How many feet of eating space should be provided for one hundred hens? 

21. Describe an inexpensive practical means of heating a poultry house. 

22. What are some of the means used to maintain a satisfactory temperature in 
the house without the use of supplementary heat? 

23. What are the advantages and disadvantages of providing range for layers? 

24. What are the advantages and disadvantages of laying batteries? 
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CHAPTER NINE 


Feeding Principles 


The primary purpose in keeping poultry is to transform farm feedstuifs 
into meat and eggs. The fowl may be compared to a factory (Fig. 26). 
Feedstuffs, such as corn, meat scraps, grass, and oyster shells, are the raw 
materials. Meat and eggs are the manufactured products. The manager 
of the factory is the poultry feeder. The efficiency of the factory will de- 
pend upon (1) suitability for purpose, or type of bird; (2) quality of con- 
struction, or breeding of bird; (3) working conditions in factory, or health 
of bird; (4) raw materials, or the feedstuffs fed; and (5) management, or 
feeding and care provided by the feeder. 

Nutrients 

The body of the fowl, eggs, and feedstuffs are composed of various 
combinations of chemical compounds known as nutrients. They are classi- 
fied according to physical, chemical, and biological properties into six 
general groups: water, carbohydrates, fats, proteins, minerals, and vitamins 
(Table 36). There is some similarity between the occurrence of nutrients 
in feedstuffs and their occurrence in the body of the fowl or in eggs. For 
instance, the vitamin D content of the egg depends on the vitamin D con- 
tent of the ration. Most of the feedstuffs, however, are reduced to simpler 
substances in the body by processes of digestion and reassembled in dif- 
ferent forms as body tissues and eggs. 

Water. Water is the only one of the six nutrients that is a definite 
compound. It is composed of two atoms of hydrogen and one of oxy- 
gen (H 2 O). 
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Table 36 


NUTRIENTS NEEDED BY POULTRY AND THEIR CHIEF 
FUNCTIONS AND SOURCES * 


Nutrients 

Chief Functions for Poultry 

Chief Sources for Poultry 

Water 

Digestion, carrier of food and waste 
products, and regulator of body 
temperature 

Water, liquid milk, and young 
green grass 

Carbohydrates 

Heat, energy, and fat production 

Cereal grains and grain by- 
products 

Fats 

Reserve supply of heat and energy 

Cereal grains and grain by- 
products 

Proteins 

Growth and repair of body tissues, 
egg formation, and heat, energy, 

and fat production i 

. _ 

Milk, meat scraps, flsh meal, soy- 
bean meal, corn-gluten meal, 
and cottonseed meal 

Minerals 

Skeleton formation, egg production, 
and regulation of body neutrality 

Meat scraps, fish meal, milk, bone 
meal, oyster shells, limestone, 
and salt 

Vitamin A 

Growth; health of eye nerves, and 
respiratory epithelium; preven- 
tion of nutritional roup, and 
xerophthalmia 

Green grass, dehydrated alfalfa 
meal, some fish oils, corn-gluten 
meal, and yellow corn 

Thiamin (Bi) 

Appetite, digestion, health of 
nerves, and prevention of poly- 
neuritis 

Green grass, alfalfa meal, whole 
grains, wheat by-products, and 
milk by-products 

Vitamin D 

Mineral assimilation; egg produc- 
tion; hatchabiiity; and preven- 
tion of rickets, cracked breast 
bones, and thin eggshells 

Sunshine, fish oils, irradiated 
animal sterols and yeast, and 
ultraviolet light 

Vitamin E 

Health of reproductive organs and 
for fertility and hatchabiiity 

Green grass, alfalfa meal, whole 
grains, and wheat by-products 

Riboflavin 
(B2 or G) 

Growth, hatchabiiity, and preven- 
tion of curled-toe paralysis 

Green grass, alfalfa meal, milk 
by-products, some fish meals, 
distillers’ solubles, and yeast 

Pantothenic 

Acid 

Growth, hatchabiiity, health of 
skin, and prevention of chick 
dermatitis 

Green grass, alfalfa meal, milk 
products, distillers’ solubles, 
and yeast 

Choline 

Growth, bone development, egg 
production, and prevention of 
perosis 

Grains, wheat by-products, soy- 
bean meal, milk products, meat 
scraps, and fish meal 


* Also, see page 273. 
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Water plays a highly important part in plant and animal life. It is a 
chemical constituent of feedstuffs, fowls, and eggs (Table 1, Appendix). 
Water constitutes from 55 to 78 per cent of the live weight of chickens. 
Young birds, like young plants, have higher moisture content than older 
ones. Water softens and hydrolizes feed in the processes of digestion. 
As an important constituent of blood and lymph, water carries digested 
food to all parts of the body and waste products to the points of elimina- 
tion. Water controls body temperature by absorbing the heat of cell re- 
actions and by vaporizing moisture for excretion by way of the air sacs 
and lungs. It also serves as a lubricant for joints, muscles, and other body 
tissues. 

Water generally constitutes from 5 to 12 per cent of air-dried grains and 
other feedstuifs fed to poultry. It is also formed in the body as an end 
product of the oxidation or burning of digested food (Fig. 118). These 
two sources supply only a small fraction of the water needed by a bird for 
its body processes. Therefore, a liberal quantity of water or liquid milk, 
which is about 90 per cent water, should be kept before poultry at all times. 

The water or moisture content of a feedstuff or other material is deter- 
mined by drying a weighed sample of the product and calculating the loss 
in weight. 

Carbohydrates. Carbohydrates are composed of carbon, hydrogen, and 
oxygen, with the latter two nearly always occurring in the same proportion 
as in water. They occur in very small amounts in animals and poultry 
products. Carbohydrates constitute about 75 per cent of the dry weight of 
plants and grains (Table 1, Appendix). Therefore, they make up a large 
part of poultry rations. 

The plant manufactures carbohydrates in its leaves from water brought 
from its roots and carbon dioxide taken from the air. Simple carbo- 
hydrates, such as glucose (CeHi 206 ), are formed into more complex ones, 
such as starch (C 6 Hio 05 )X and cellulose. Energy from sunlight is stored 
up in the carbohydrates. It is liberated when carbohydrates are eaten, 
digested, and oxidized in body tissues. 

Carbohydrates serve as a source of heat and energy in the animal body. 
A surplus taken into the body may be transformed into fat and stored as 
a reserve supply of beat and energy (Fig. 118). 

Simple sugars consist of the hexoses, or six-carbon sugars (C 6 H 12 O 0 ), 
and the pentoses, or five-carbon sugars (C 5 H 10 O 5 ). Glucose, fructose, and 
galactose are the chief hexose sugars found in plants. Glucose is of special 
importance in animal nutrition, for it is the chief end product of the 
digestion of more complex carbohydrates and the sugar found in the blood. 
The pentoses are constituents of more complex carbohydrates. 
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Fig. 118. The digestion and metabolism of nutrients by the fowl. (California Station Bulle- 
tin 417.) 

Compound sugars consist of two or more molecules of simple sugars. 
Sucrose (Q2H22O11) is one of the most common of these sugars. It con- 
sists of a molecule of glucose and one of fructose. Sucrose is found in 
sugar cane and sugar beets. Lactose is composed of a molecule of galac- 
tose, and one of glucose. It is the sugar in the milk of all mammals. 

consists of two molecules of glucose. It is formed from starch 
in the germination of seeds and in digestion of animals. 
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Starch (CeHioOs);^ consists of many molecules of glucose. It is stored 
in the seeds and tubers of plants as a reserve food supply. Starch is, there- 
fore, an important source of energy in the feed of farm animals. The 
starch grains in different plant products differ in size and shape. An 
examination of starch grains under the microscope can be used to deter- 
mine their source. This is often a useful method of detecting adulteration 
in feeds. Starch is not found in the tissues of animals. Glycogen, a reserve 
supply of carbohydrates, somevi^hat resembling starch, is stored in the liver 
and muscles of the body. 

Fiber, or cellulose, is the woody component of the cell walls of plants. 
It is more complex than starch. Fiber is poorly digested by animals. It 
is determined by boiling a dry, fat-free sample in dilute acid, washing free 
of acid, boiling in dilute alkali, and washing. The dry solid residue re- 
maining after all soluble material has been washed out is termed crude 
fiber. 

Nitrogen-free extract consists of the digestible carbohydrate portion of 
a feed. It includes the sugars, starches, and soluble portion of the more 
complex carbohydrates. The total weight of the feedstuff minus the sum 
of the moisture, ash, crude protein, fiber, and fat is the nitrogen-free ex- 
tract. 

Fats* Fats are composed of the same elements as are found in carbo- 
hydrates, but in different proportions. There is much more carbon in 
proportion to oxygen in fats (stearin C 57 H 110 OG) than in carbohydrates. 
When fats are oxidized or burned, the large amount of energy stored up 
with the carbon is released. Fats have about 2.25 times the heat-production 
value of carbohydrates. Fats serve as a reserve supply of heat and energy. 
Subcutaneous fat serves as a body insulator. 

Fats constitute about 17 per cent of the live weight of the fowl and 10 
per cent of the whole egg. The germs of grains and seeds are also rich in 
fat or oil content (Table 1, Appendix). Fats are composed of an alcohol 
(glycerin) and fatty acids. They are formed from carbohydrates in plants. 
Some fats (tallow, for instance) are quite firm and hard because of their 
high molecular weight and saturated fatty acids. Others, like chicken fat, 
are oily because of their lower molecular weight and unsaturated fatty 
acids. 

Ether extract, or crude fat, includes not only the true fats, but all related 
plant or animal substances soluble in ether or other fat solvents. It is 
determined by extracting a dry sample with ether. The loss in weight of 
the product after extraction is the ether extract. It includes fats, sterols, 
carotenes, chlorophyll, phospholipids, waxes, and essential oils. 

Sterols are complex alcohols found in very small amounts in plants and 
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animals. Ergo sterol is a plant sterol which assumes vitamin D properties 
when irradiated with ultraviolet light rays (p. 270). Cholesterol is an an- 
imal sterol found in the skin, nerves, fat, and blood. It probably aids in 
transporting digested fat from one part of the body to another. Wheil 
irradiated, it assumes vitamin D properties (p. 270). 

Carotene and related pigments are colored substances found in traces in 
plants and animals. Carotene is transformed into vitamin A in the body 
(p. 268). It is the yellow coloring found in yellow corn, carrots, sweet 
potatoes, and butter fat. Carotene is also supplied by green-colored parts 
of plants where its yellow color is hidden by the green chlorophyll. 

Chlorophyll is the green-colored substance found in all green plants. 
It is necessary for the formation of carbohydrates in the leaves of plants. 

Phospholipids are fats containing phosphoric acid and nitrogenous 
groups in their molecules. They are vital parts of living protoplasm. 
Lecithin is found in egg yolk, blood, and the liver. Other phospholipids 
are found in the brain and other nervous tissue. 

Waxes form a coating or bloom on the surface of plants for protection 
against weather. 

Essential oils give the plants their characteristic odors and tastes. 

Proteins. Proteins are composed of carbon, hydrogen, oxygen, and 
nitrogen. Some of them also contain iron, phosphorus, and sulphur. Pro- 
teins are widely distributed in both plants and animals (Table 1, Appen- 
dix). They form a part of the protoplasm and nuclei of cells and are, 
therefore, essential to life. In plants the greater part of the proteins are 
concentrated in the seeds and leaves. Proteins constitute a large part of 
the muscles, internal organs, cartilages, skin, feathers, beak, scales, and 
toenails. They also occur in blood, nerve tissue, and bone. The chick 
contains about 15 per cent protein, the hen 25 per cent, and the whole egg 
12 per cent. 

Proteins are used for growth and repair of tissues. An excess protein 
eaten in the ration may be de-amized and the carbohydrate portion used 
for beat and energy or transformed into fat (Fig. 118). 

Nitrates and other minerals entering the plant through the roots are 
combined with the carbohydrates formed in the leaves to produce nitrog- 
enous products, including amids, amino acids, and proteins. 

Animals manufacture the proteins characteristic of their own tissues, 
but in general they cannot build them up from simple inorganic sub- 
stances such as suffice for plants. They must depend upon the digestion 
products obtained from the proteins of their feed. 

Proteins are large complex molecules. They are insoluble in all fat 
solvents. Proteins diifer in their solubilities in water, salt solutions, and 
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alcohol. These differences play a considerable part in their classification. 

Amids are simple iioiiprotein nitrogenous products found in growing 
plants. They are used in making amino acids. Amids cannot be siibsti- 
tuted for proteins in the ration, but they may be used for heat and energy 
purposes. 

Amino acids are the building stones for proteins. The twenty-three 
known amino acids may be combined in various ways to produce many 
proteins, as the letters of the alphabet may be used to form innumerable 
words. Most of the amino acids needed in the body can be made from 
nitrogen digestion products in the food. Arginine, glycine, histidine, 
lysine, methionine, and tryptophan are essential amino acids and cannot 
be synthesized in the body. They must be supplied by the proteins fed in 
the ration. Therefore, care is needed in the selection of feedstuffs to supply 
the proper kind and amounts .of the essential amino acids. 

Enzymes are protein-like substances which aid in the digestion of foods. 
They occur in small amounts in plant products and are secreted in the 
digestive juices of animals. Amylase digests carbohydrates, lipase acts 
on fats, and pepsin and trypsin digest proteins. 

Crude protein is the nitrogen content of a product X 6.25. This factor 
is used because proteins contain approximately 16 per cent nitrogen. 

Minerals. Minerals, frequently referred to as ash, are essential con- 
stituents of both plants and animals. The ash content of plant products 
varies from less than 1 per cent in polished rice to more than 30 per cent 
in kelp. It constitutes 3 to 4 per cent of the live weight of the fowl and 
about 10 per cent of the egg. 

Minerals are used for bone and egg formation, digestion, maintenance 
of body neutrality, respiration, and elasticity and irritability of muscles 
and nerves. 

Calcium is needed for bone and eggshell formation, and for muscle 
action. Phosphorus is a constituent of bones, egg yolk, nerves, and other 
tissues. In the form of phosphates in the blood and other body tissues, it 
regulates body neutrality. Iron is needed for hemoglobin formation in the 
blood. In this combination, it aids in carrying oxygen from the lungs to 
the body tissues and cells and carbon dioxide from them to the lungs. 
Sulphur is a constituent of essential amino acids found in the egg. Sodium 
and potassium are constituents of phosphates in the blood, which prevent 
excess acidity or alkalinity. They are also constituents of the bile and other 
body fluids. Chlorine is a constituent of the hydrochloric acid, secreted in 
the gastric juice, for dissolving minerals and digesting proteins. Iodine is 
a constituent of the thyroid. Magnesium and manganese are constituents 
ot horns. Copper acts as a catalyst for hemoglobin formation. Traces of 
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boron, zinc, and other mineral elements may also have some function in 
plant and animal life. 

The mineral or ash content of a product is determined by burning a 
weighed sample. The residue is the ash. It does not give needed informa- 
tion regarding the kind, quantity, or form of the mineral elements present. 
By long, laborious, and expensive methods it is possible to determine the 
kind and quantity of mineral elements present in an ash. The distribu- 
tion of some mineral elements in poultry feedstuffs is given in Table 2, 
Appendix. 

Vitamins. Vitamins constitute the newest group of nutrients discov- 
ered in plants and animals. They are organic substances, occurring in 
feedstuffs in very small quantities. Vitamins are essential for the health 
and well-being of animals. They must be stored in the egg along with 
other nutrients for embryo development. 

While other nutrients may be determined by chemical analysis, up to 
the present at least, it has been necessary to estimate most of the vitamins 
present in feedstuffs by biological feeding tests. The vitamin potency is 
determined by feeding the product to be tested as a supplement to a 
ration known to be devoid of the vitamin under consideration. 

Vitamins were discovered by observing nutritional diseases that oc- 
curi'ed when certain foods were lacking in the ration. Since the chemical 
composition of the vitamins was not known at the time of their discovery, 
they were designated by letters. There are now seven vitamins— A, B, C, 
D, E, G, and K — that have been studied in detail (Table 3, Appendix). 
Some of these consist of several fractions. Other vitamins are now recog- 
nized and are being investigated. 

Vitamin A. Vitamin A is a thick, pale yellow liquid at ordinary tem- 
perature. At very low temperature, it occurs in pure crystalline form. 
Vitamin A has the empirical formula C20H30O. It is associated with ani- 
mal fats and is soluble in fat solvents. Vitamin A is formed in the animal 
body from carotene and cryptoxanthin eaten in the feed. True vitamin A 
and the carotinoid pigments from which it is formed are destroyed by 
prolonged heat and exposure to air. 

A reserve supply of vitamin A and its precursors is stored in the liver 
and fat tissues of the body. Vitamin A is also stored in the egg, the 
amount depending upon the amount fed in the ration. 

Vitamin A is necessary for growth, egg production, hatchability, re- 
sistance against respiratory and eye infections, and normal kidney func- 
tion. Vitamin A deficiency diseases are nutritional roup (p. 380) and 
xerophthalmia. 

True vitamin A is abundant in the livers of certain kinds of fish. The 
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oils obtained from the livers of bass, eels^ halibut, cod, and tuna are the 
richest natural sources (Table 3, Appendix). 

Carotenes are plant sources of vitamin A. The carotenes are 

yellow, fat-soluble pigments found in green plants and yellow carrots. In 
fact, the green or yellow coloring is a rough indication of the richness of 
foods of plant origin in carotene — the more intense the coloring, the greater 
the carotene content. Young, tender, leafy green or dehydrated grasses, 
such as lawn grass or clippings, and alfalfa, are good sources of vitamin A. 

Cryptoxanthin, a yellow pigment found in grasses, yellow corn, and the 
yolk of the egg, is another source of vitamin A. Additional sources are 
listed in Table 3, Appendix. 

The relative amounts of vitamin A and vitamin A-active carotinoids in 
foods can be measured by controlled feeding experiments with rats. Diets 
free from vitamin A, but adequate in all other respects, are fed to normal 
young rats until their body stores of the vitamin have been depleted. The 
body weights of rats that have reached this stage cease to increase and 
signs of an abnormal eye condition are apparent. 

The food being tested for its vitamin A content is then fed as weighed 
daily supplements in such quantities as will promote a rate of growth 
equal to that induced by a standard quantity of pure beta-carotene. 

The International and U.S.P. (United States Pharmacopeia) unit of 
vitamin A is .0006 milligram (.6 gamma) of pure beta-carotene. The 
quantity of test food that must be fed daily to each rat in order to promote 
the same average rate of growth as is induced by feeding .0006 milligram 
of beta-carotene per rat per day is said to contain 1 International or U.S.P. 
unit of vitamin A. Some of the early vitamin A determinations were cal- 
culated in terms of the Sherman and Munsell unit. To transform Sher- 
man and Munsell vitamin A units into International or U.S.P. units, 
multiply them by 1.4. 

Foods tested in this way may contain both vitamin A and vitamin 
A-active carotinoids. The animal feeding tests do not distinguish between 
the growth responses due to vitamin A and these carotinoids, and for this 
reason the results are usually expressed as total vitamin A value. 

Animal feeding tests are expensive, time-consuming, and laborious. Ef- 
forts are being made to develop chemical and physical methods of testing 
the vitamin A value of foods and feedstuffs. One of these is to extract the 
sample with a fat solvent; remove the fat, vitamin A-free pigments, and 
other impurities; and compare a solution of the residue with a standard 
solution of beta-carotene by means of a spectrophotometer or colorimeter. 

Thiamin (Bi). The water-soluble, growth-promoting substance for- 
merly known as vitamin B, is now known to consist of several vitamins. 
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The principal ones from the standpoint of poultry nutrition are thiamin 
(Bi), riboflavin (B 2 or G), and pantothenic acid. 

Thiamin (S/), also known as the antineuritic vitamin, has been prepared 
synthetically in the laboratory. The empirical formula is C 12 H 1 SN 4 CI 2 SO. 
Vitamin Bi is soluble in water and destroyed by heat in alkaline solution. 
It cannot be synthesized or readily stored in the animal body. Therefore, 
it. must be supplied in the ration. 

Vitamin Bi is manufactured by plants and stored principally in the 
germs of the seeds. 

Vitamin Bi appears to play a role in the nietabolism of every living cell 
in plants and animals. It is necessary for appetite, digestion, growth, egg 
production, hatchability, prevention of bacterial intestinal infection, and 
the prevention of nerve disorders. Polyneuritis (p. 382) is a specific nerve 
inflammation and paralysis of poultry resulting from a deficiency of vita- 
min Bi in the ration. 

Whole grains, wheat hy-products, green grasses, alfalfa meal, milk by- 
products, glandular tissues, and yeast are good sources of vitamin Bi. 
Since this vitamin is so widely distributed in poultry feedstuffs, there is 
not much danger of a deficiency of it in poultry rations. 

Vitamin Bi values are expressed in International units. One unit is 
equivalent to 3 micrograms or 3 millionths of a gram of pure crystalline Bi 
for growth of rats. 

Vitamin C. Vitamin C is also known as ascorbic or cevitamic acid. It 
is needed by guinea pigs, monkeys, and human beings, and must be sup- 
plied in their rations. Poultry, swine, and cattle make their own vitamin 
C and do not need to have it supplied in their rations. Therefore, a dis- 
cussion of vitamin C will be omitted here. 

Vitamin D. The discovery of Vitamin D and its use, in the form of 
cod liver oil, for the control of rickets in poultry has revolutionized the 
poultry industry during the past twenty years. It has made it possible to 
rear poultry indoors and at all seasons of the year. 

Compounds of plant and animal origin may be made to possess vitamin 
D properties by irradiation with sunlight or ultraviolet light. 

Cholesterol is a sterol found in the skin and other tissues of animals. 
Upon exposure to sunlight or ultraviolet light, this sterol is activated to 
form vitamin D. It is known as activated 7-dehydro-cholesterol. This is 
the form of vitamin D that predominates in animal and fish oils. 

Ergosterol is a sterol found in plants, especially the fungus, ergot, and 
yeast. Upon irradiation by means of ultraviolet light, it assumes strong 
vitamin D properties. Concentrated products of irradiated ergosterol are 
sold under the name of viosterol and calciferol. 
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Vitamin D products are closely related to fats and are associated with 
them. They are soluble in fat solvents. Vitamin D is fairly resistant 
against destruction by heat or oxidation. Vitamin D eaten in the ration 
may be stored in the body and in the egg. 

Vitamin D is necessary for normal mineral assimilation. It prevents 
rickets (p. 388) and crooked breast bones in growing chickens. These 
bone abnormalities are characterized by poor calcilication (Fig. 131) and 
low ash content. Vitamin D is also necessary for egg production, normal 
shell texture, and hatchability. If the hen has not stored a sufficient 
amount of vitamin D in the egg, the embri>^o will develop normally during 
the first week or so and then die because of inability to assemble calcium 
and phosphorus for skeleton formation. 

The vitamin D factor may be supplied by fish oils, irradiated yeast, and 
irradiated ergosterol (Table 3, Appendix). It may be produced in animals 
by exposure to sunlight or ultraviolet light. 

Vitamin D is determined by biological feeding tests with rats and 
chickens. 

The International unit is the calcifying activity of .025 micrograms of 
calciferol for the rat. 

The U.S.P. unit is identical with the International unit; but as a stand- 
ard of reference, a cod liver oil is used that has been carefully standardized 
against the international standard calciferol. 

The A.O.A.C. (Association of Official Agricultural Chemists) chick 
unit of vitamin D is the calcium depositing efficiency for the chick of a 
U.S.P. unit of cod liver oil. Vitamin D products that are to be fed to 
chickens should be tested on chicks rather than with rats. These two 
species of animals do not respond alike to all vitamin D products. For 
instance, an International unit of cod liver oil is several times as potent as 
a unit of calciferol for the chick. 

Vitainin E. Vitamin E is a solid alcohol known as tocopherol. It is 
soluble in fat solvents and found in the non-saponifiable fraction of the 
fat extract. As it occurs naturally in feedstuffs, it is faiiiy resistant against 
heat and oxidation. 

Vitamin E is necessary for reproduction and the prevention of muscle 
degeneration. Embryos die during the first day or so as a result of dis- 
integration of the circulatory system when vitamin E is lacking in the 
ration and subsequently in the egg. There are also abnormal cell prolifera- 
tion and hemorrhage in young embryos as a result of vitamin E defi- 
ciency. The testes in males undergo degeneration when the birds are 
deprived of vitamin E for several months. 

Vitamin E is widely distributed in poultry feedstuffs (Table 3, Ap- 
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pendix). Poultry rations will generally contain ample quantities of it. 
The oil from germs of grains, especially wheat germ oil, wheat by- 
products, grains, green grass, and alfalfa meal are good sources of vita- 
min E. 

The presence of vitamin E in feedstuffs is determined by feeding dif- 
ferent amounts of them to rats on vitamin E-free rations and observing 
their ability to produce living young. 

Riboflavin. Riboflavin has also been known as vitamin B 2 , G, or the 
growth vitamin. It has been produced in pure, yellow orange, crystalline 
form from egg white, milk, and other plant and animal sources. In solu- 
tion, riboflavin has a greenish-yellow fluorescence. Its empirical formula 
is Ci 7 H 2 oN 40 (j. Riboflavin is stable at temperatures at which Bi is de- 
stroyed. It is water soluble, gradually destroyed by light, and easily 
destroyed at high temperatures in the presence of alkali. 

Riboflavin is stored in the white of the egg for the development of the 
chick embryo. It gives the albumen its slight greenish-yellow opalescence. 

Riboflavin is essential for cellular oxidations. It is necessary for growth 
and hatchability. A deficiency of vitamin G in the egg results in early 
embryo mortality. Riboflavin is necessary for health of skin and eyes and 
the prevention of cataract. It is also necessary for preservation of health 
of peripheral nerves and the prevention of the acute neuromalacia and the 
less acute “curled toe paralysis” (Fig. 132) . 

Sources of riboflavin for poultry are milk whey, yeast, liver meal, alfalfa 
meal, and green grass. Additional sources are given in Table 3, Appendix. 

Riboflavin content of feedstuffs is determined biologically with rats and 
chickens, and chemically by measuring the fluorescence in concentrated 
extracts. It may also be determined by microbiological methods. 

In the chick method, the chicks are placed on a vitamin G-free ration 
until they cease growing, then graduated amounts of the product under 
test are fed to different lots. The Cornell chick unit of vitamin G is the 
growth-promoting activity of .001 milligram of flavine. 

Vitamin K. Vitamin K is also known as the antihemorrhagic vitamin. 
It is a fat-soluble product which was first extracted from alfalfa. It has 
now been prepared synthetically. Vitamin K is a naphtho-quinone. It is 
destroyed by oxidation, sunlight, and strong alkalis or acids. 

Vitamin K is necessary for the normal clotting of blood. A deficiency 
of the vitamin results in internal, subcutaneous and intramuscular hemor- 
rhages and delayed clotting time of the blood. It also results in bleeding 
from the pin feathers, internal hemorrhage, and greater loss of blood re- 
sulting from cannibalism. 



FEEDING PRINCIPLES 


273 


Vitamin K is found in green grass, alfalfa meal, fish meal, and meat 
scraps. 

Choline. Choline is often considered as a member of the B-complex 
vitamin group in spite of the fact that it is a part of lecithin, a product 
related chemically to fats. It is necessary for growth, bone development, 
egg production and for the prevention of perosis. Good sources of choline 
are grains, wheat by-products, meat scraps, fish meal, distillers’ solubles, 
and soybean meal. 

Pantothenic Acid. Pantothenic acid is one of the B-compIex vitamins. 
It is necessary for growth, hatchability, and prevention of a dermatitis of 
the face and feet of chicks. Pantothenic acid is found in milk products, 
yeast, distillers’ solubles, alfalfa meal, and green grass. 

Biotin. This member of the B-complex group of vitamins was formerly 
known as vitamin H. It is necessary for growth, hatchability, and the 
prevention of perosis and a dermatosis similar to pantothenic add de- 
ficiency. Good sources of biotin are grain, green grass, and alfalfa meal 

Pyridoxine (Bg). This member of the B-complex group of vitamins is 
necessary for appetite, growth, and prevention of convulsions. Pyridoxine 
is found in grains, wheat by-products, yeast, and distillers’ solubles. 

Niacin (nicotinic acid). This vitamin is necessary for growth, feather 
development, and prevention of scaly dermatosis of the skin and feet. It 
is found in grain by-products, distillers’ solubles, liver, yeast, and grasses. 

Other vitamins. Other vitamins that have been found necessary for the 
chick include the L-Casei factor (Be), Bio, pyracin, and inositol The list 
is still growing. 

Metabolism 

Metabolism is here used to designate all of the processes undergone by 
a food from the time it enters until it leaves the body. 

Digestion 

Digestion is the disintegration of feedstuffs into simple nutrients in the 
intestinal tract for absorption and use by the body tissues. It involves a 
series of mechanical and chemical processes and is influenced by many 
factors. 

Feed intake and storage. Feed is picked up in the beak of the fowl, 
moistened by the thick saliva in the mouth, and swallowed without mas- 
tication, since the bird is not provided with teeth. It passes down the 
gullet to the crop (Fig. 29) where it is stored until it can be ground, mixed 
with digestive juices, and digested. While in the crop, the feed becomes 
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softened by the saliva swallowed with it and by the liquid secretions from 
the lining of the inner crop wall. The enzymes, present in the feed, result 
in a little predigestion of the carbohydrates. The crop contents develop 
a slightly acid reaction due to the formation of lactic acid. 

It has been observed that when a bird is hungry, the first feed eaten 
passes directly to the gizzard. It has also been observed that a crop filled 
with whole grains is emptied quicker than one filled with ground grains. 
This is to be expected, since the whole grains must be ground before they 
are ready for digestion. 

Preparation of feed for digestion. The feed moves from the crop, a 
small quantity at a time, on down through the lower portion of the gullet 
and glandular stomach into the gizzard (Fig. 29). Rythmic-like contrac- 
tions of the walls of the intestinal tract force the feed along through the 
tube. As the feed passes through the glandular stomach (proventriculus), 
it stimulates the glandular cells in this region to secrete a gastric juice into 
the intestinal tract. This is a pepsin-hydrochloric acid mixture used for 
the digestion of proteins and for dissolving minerals. 

The feed is thoroughly macerated and mixed with the gastric juice in 
the gizzard. Thorough grinding is necessary in order that the digestive 
juices may reach all parts of the material and digest as much of the 
nutrients as possible. The grinding is more thorough than in the case of 
most farm animals in spite of the fact that the bird does not have teeth. 
One never finds whole grains and weed seeds in the feces from birds as is 
often the case in that from horses and cattle. 

The feed is ground and mixed by slow, rhythmic, rotary-like movements 
of the powerful muscles in the walls of the gizzard. The feed is squeezed 
between and rubbed over the rough washboard-like linings of the crop 
walls. Whole grains, having been previously softened in the crop, are 
easily macerated and pulverized in the process. 

It is a common belief that hard insoluble grit is necessary, or at least 
desirable, in the gizzard for the grinding process. Experimental evidence 
does not confirm the belief. In fact, the presence of hard insoluble grit 
and foreign material in the gizzard may take up valuable space and inter- 
fere with the grinding process and the passage of the ground feed. 

Digestion of carbohydrates. As the ground feed passes from the giz- 
zard into the duodenal loop, pancreatic juice is secreted from the pancreas 
into this region of the intestinal tract (Fig. 29). At the same time, alka- 
line bile salts, produced in the liver and stored in the gall bladder, are also 
secreted into the duodenal loop. The bile salts neutralize the acidity of 
the intestinal contents in this region of the intestine and produce an 
alkalinity. Three digestive enzymes are secreted in the pancreatic juice. 
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One of these is amylase, which breaks starch down into disaccharides or 
complex sugars. As the food passes along into the small intestine, sucrase 
and other sugar-splitting enzymes, secreted in this region, further hy- 
drolize or digest the compound sugars into simple sugars, chiefly glucose. 
Simple sugars are the end products of the digestion of carbohYdrates 
(Fig. 118). 

Starches and sugars are easily digested by poultry, while the pentosans 
and crude fiber are poorly digested (Table 4, Appendix). The intestinal 
tract in the chicken is so short and the passage of food through it is so 
rapid, that bacteria have little time to work on the complex carbohydrates. 

Digestion of fats. The bile salts from the liver emulsify the fats in the 
duodenal loop. They are then acted upon by an enzyme, lipase, a product 
of the pancreatic juice. The fats are digested or broken down into fatty 
acids and glycerol. These are the end products of fat digestion (Fig. 118). 

Fats are not very palatable or easily digested by poultry. 

Digestion of proteins. While the feed is being ground and mixed in the 
gizzard, the pepsin-hydrochloric acid mixture breaks some of the proteins 
down into less complex fractions as proteoses and peptones. 

While fats and carbohydrates are being digested in the duodenal loop, 
trypsin from the pancreatic juice breaks down some of the proteoses and 
peptones into still simpler products — amino acids. Erepsin, secreted in 
the small intestine, completes the digestion of protein split products into 
amino acids. These are the end products of protein digestion (Fig. 118). 

Digestion of minerals and vitamins. Minerals are dissolved rather than 
digested. Many of them change from the solid to the liquid form in the 
gizzard. Oyster shell and limestone grit, for example, are dissolved in 
this region. 

The digestion and metabolism of vitamins in the body are not well 
understood. Carotene, the precursor of vitamin A, is transformed into 
true vitamin A in the liver. The bird manufactures vitamin C from di- 
gested feed fragments, in the body. Cholesterol in the skin is transformed 
into vitamin D by exposure to sunlight or ultraviolet light. 

Rate of digestion. Digestion is rapid in the chicken. The time re- 
quired for food to pass from the mouth to the cloaca is about two and one- 
half hours in a laying hen. The rate of passage is much slower (eight to 
twelve hours) in birds out of production. 

Absorption and Assimilation 

Absorption of nutrients. The digested nutrients pass through the in- 
testinal wall into the blood stream. Most of the absorption takes place 



276 


POULTRY 


from the small intestine. The surface for absorption is greatly increased 
by the presence of innumerable villi or finger-like projections. These 
villi, which give the mucous membrane a velvety appearance, project 
toward the center of the lumen and thus come in intimate contact with 
the fluid contents. 

Within each villus is a lacteal, or drainage tube of the lymphatic system, 
and a network of capillaries of the blood system. 

Digested nutrients in the form of simple sugars, amino acids, and dis- 
solved minerals pass through the wall surface into the blood capillaries. 
The method or methods by which the materials pass through the intestinal 
wall are not well understood. 

Digested fats pass through the intestinal wall into the lacteals of the 
lymphatic system. Here again, they form neutral fats. The fats in the 
lymph are more like body fat than like that of the feed eaten. The fats 
pass along with the lymph and enter the venous blood stream near the 
heart- 

Transfer of nutrients. The digested nutrients, entering the blood stream 
by way of the capillaries in the intestinal wall, are collected in the portal 
vein. It transports blood and the absorbed food nutrients to the liver, on 
their way to the heart. 

As the digested nutrients pass through the capillaries of the liver, most 
of the glucose is transformed into glycogen (p. 264) for storage in the 
liver and muscles. Some amino acids and nitrogenous products of tissue 
metabolism are de-amized as they pass through the liver. The carbo- 
hydrate fractions are made available for heat and energy purposes and 
the nitrogenous fractions are transported to the kidneys for elimination. 
The liver also removes some of the fat from the blood stream for storage. 
This accounts for the pale yellow livers in fat birds and newly hatched 
chicks. Many impurities absorbed from the intestinal tract into the blood 
stream are retained by the liver cells as the blood passes through its capil- 
laries. In case of absorbed poisons, a high concentration of them is usually 
found in the liver. 

The blood, carrying the digested nutrients, passes from the liver by way 
of the hepatic and postcaval veins to the heart. It passes from the heart 
to the lungs, where carbon dioxide and water are given off and oxygen is 
taken in. The blood is returned from the lungs to the heart, and is then 
pumped out through the arteries to all of the tissues of the body. 

The digested nutrients pass from the capillaries to the lymph which 
bathes the tissue cells. The lymph serves as a medium of exchange be- 
tween the capillaries and the tissue cells. It carries digested food to the 
cells and waste products from them. 
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The assimilation of nutrients. Glucose is burned in the cells for heat 
and energy production, the end products being heat or energy, carbon di- 
oxide, and water (Fig. 118). The process may be represented by means of 
a chemical equation, thus: 
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An excess of digested carbohydrates, over and above that stored as glyco- 
gen, is transformed into body and egg fat. 

Fats are gradually removed from the blood stream and stored as adipose 
tissue mainly, under the skin in the abdominal region, along the intestines, 
and in the egg. They serve as a reserve supply of heat and energy. In 
case of inadequate food supply, as soon as the glycogen is used up, the 
fats are burned with the same end products (Fig. 118) as formed by the 
burning of carbohydrates. As long as fats are present, the proteins are 
protected from consumption. 

Amino acids, absorbed into the blood stream, are used to build new 
body tissues, rebuild worn-out tissue, and to form the white and much 
of the yolk of eggs. Excess amino acids may be used for heat and energy 
purposes or transformed into fats (Fig. 118). 

The carbohydrates and fats are preferable to proteins for the production 
of heat and energy because they are cheaper. Their digestion and me- 
tabolism, including the excretion of the resulting waste products, require 
less work on the part of the body than is required by protein food. Ex- 
periments show that carbohydrates are more efficient protein sparers than 
fats, even though the latter have a greater energy content. 

Minerals absorbed into the blood stream are transformed into bone, 
put into the shell and yolk of the egg, and used in the blood. There is 
also some storage of excess minerals taken into the body. 

Vitamins are stored in the liver and in the egg, and to a lesser extent in 
other tissues of the body. There appears to be greater storage of the fat- 
soluble than of the water-soluble vitamins. 

Energy Production and Metabousm 

Energy is required for all of the body processes, such as digestion, as- 
similation of food, elimination of waste products, the heart beat, respira- 
tion, body movements, and maintenance of body temperature. It is sup- 
plied by the feed eaten. 
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Gross energy. The gross energy value of any feedstuff for the animal 
depends on the amount of energy that it will furnish when burned. It is 
determined by burning a weighed sample in pure oxygen gas under pres- 
sure in an apparatus known as a calorimeter. The heat given off is taken 
up by water surrounding the combustion chamber and is measured with 
an exceedingly accurate thermometer. 

The unit of measurement employed in measuring heat and energy is 
the calorie (C). It is the amount of heat required to raise a kilogram of 
water 1°C. A large calorie (C) is equivalent to 1000 small calories (c). 
A therm (T) is 1000 large calories. 

The gross energy of one hundred pounds of various substances when 
burned is as follows: 


Therms 


Corn meal 180.3 

Linseed meal 210.3 

Pure digestible protein 263.1 

Pure digestible carbohydrates 186.0 

Pure digestible fat 422.0 


Digestible protein yields considerably more heat than a similar weight 
of carbohydrates. Fat yields more than twice as much energy as a similar 
weight of carbohydrates. 

Available energy. The available energy of a, feed is the gross energy 
minus the energy lost in the feces, urine, and combustible gases. It is de-; 
termined by placing the animal in an apparatus known as a respiration 
calorimeter (Fig. 119), and keeping records of the feed eaten and of the 
feces, urine, and combustible gases given off. The gross energy of samples 
of the products are determined and from them the available energy is 
calculated. 

Net energy. The net energy of a feed is the available energy minus 
the energy lost in the work of digestion. The work of digestion includes 
the energy required for grinding in the gizzard, intestinal contractions 
for moving the food, secretion of digestive juices, and increased work of 
the heart and lungs resulting from these processes. 

All of the energy consumed in the processes takes the form of heat, and 
helps to .warm the body. It cannot be used for other body purposes, be- 
cause the body has no means of converting heat into other forms of energy. 

In addition to the losses of energy due to the actual work of grinding, 
mixing, digestion, and assimilation of food, a further loss occurs through 
the speeding up of general metabolism in the body, which always follows 
the consumption of food. It has been found that the rate of metabolism 
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Fig. 119. An apparatus used to measure the oxygen consumption and carbon dioxide and 
heat production of a bird. The bird is confined in the chamber at the right. The air is 
drawn through chemical agents before and after it leaves the chamber in order to absorb 
various constituents. The volume of air is measured by the air meter at the left, 

is at once increased when nutrients are absorbed from the digestive tract 
following a meal. As a result, more heat is produced. This additional 
production of heat is sometimes called the “specific dynamic effect” of 
the food nutrients. 

The net energy of a feed is used first of all to meet daily maintenance 
needs. These include the work of the heart, lungs, and other organs, as 
well as work done by the muscles in producing body movements. Any 
surplus of net energy may be used for growth, fattening, or egg produc- 
tion. 

Basal heat production. The heat produced by an inactive fasting ani- 
mal is known as the basal heat production. By measuring the oxygen 
consumption and the carbon dioxide elimination, it is possible to estimate 
the basal heat production and to determine the kind of tissue being oxi- 
dized. , 

The volume of carbon dioxide produced divided by the volume of oxy- 
gen consumed is known as the respiratory quotient (R.Q.). The respira- 
tory quotient of carbohydrates is 1 (p. 263), fats .7, and proteins between .7 
and 1. The determination of the respiratory quotient and basal heat pro- 
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duction are useful in studying nutritive requirements and in the diagnosis 
of disease. 

The critical temperature. The critical temperature is the environmental 
temperature below which the heat produced by the normal body processes 
is no longer sufficient to maintain the normal body temperature. When 
the environmental temperature drops below the critical temperature of 
the bird, it must use food primarily for the production of body heat. In 
the absence of food, it must oxidize body tissues for this purpose. Experi- 
ments conducted at the Illinois Agricultural Experiment Station have 
shown that the critical temperature of the inactive fasting hen is 62 °F. If 
the hen is in production, has access to feed at all times, and is free to move 
about, the critical temperature is lowered to 15 °F. 

Excretion 

Excretory products include materials which have not been digested and 
waste products resulting from body metabolism. 

The feces. The feces includes undigestible food, intestinal bacteria, 
digestive juices, bile, worn-out intestinal lining tissue, and mineral ma- 
terial resulting from body metabolism. 

Some of the unabsorbed and undigested contents of the small intestine 
back up into the ceca. A little absorption may take place here. The ceca 
contract and force the material out into the large intestine about once a 
day. As the undigested food passes along through the large intestine, 
some of the water is reabsorbed into the body circulation. The undigested 
material is voided from the large intestine into the cloaca and from it to 
the outside of the body as feces. 

The mixture of feces and urine voided by birds is known as manure. 
It contains about 1.44 per cent nitrogen, .99 per cent phosphoric acid, and 
.39 per cent potash. A hen will produce about forty-three pounds of 
manure a year. It is of considerable importance as a fertilizer. 

The urine. The urine consists mainly of nitrogenous waste products 
and water resulting from body metabolism processes. 

Liquid waste products pass out of the blood stream into the kidney 
tubules as the blood passes through the capillaries of the kidneys. The 
material passes from the kidney through the ureters (Fig. 34) to the cloaca, 
where it is excreted into the cloaca as urine. As the liquid urine passes 
along through the ureters, in the region of the large intestine, much of 
the water in it is reabsorbed into the body circulation. The urine is gen- 
erally a white pasty material which is mixed with, and coats, the drop- 
pings. 
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About 65 per cent o£ the urinary nitrogen excreted by birds exists in 
the form of uric acid. Other constituents include purine nitrogen, 9.6 
per cent; urea, 6.5; ammonia, 7.5; creatine, 4.5; and allantoin, 3.8. 

A hen probably secretes 700 to 800 cc. of liquid urine from the kidneys 
every twenty-four hours. Much of the water is reabsorbed so that very 
little liquid urine is eliminated from the body. 

Carbon dioxide and water elimination by respiration. A five-pound 
hen will exhale about fifty-two liters of carbon dioxide every twenty-four 
hours. This will vary greatly, depending upon the activity and egg pro- 
duction of the bird. 

The water elimination of a hen per day is about .37 pounds by way of 
the excreta and .09 by way of the lungs. This also will vary within wide 
limits, depending upon the temperature, activity of the bird, kind of ration 
fed, and the rate of production. 

Determination of the Value of Feeds 

There are several methods used for judging the value of feeds. These 
include chemical and microscopic analysis, digestibility, energy value, and 
biological value for growth and reproduction. 

Chemical analysis of feeds. Chemical analysis of feedstuffs and rations 
has been used for many years to measure their food value. It gives the 
amounts of the different groups of nutrients present. Chemical analysis 
of feeds aids in judging their food value. However, it is by no means 
the final answer. 

The usual chemical analysis of feeds includes moisture, crude protein, 
ether extract (fat) , crude fiber, and ash. 

The crude protein analysis gives the amount of nitrogen present in a 
feed and indirectly the crude protein (p. 267). It does not show the 
source of the protein or the kinds and amounts of essential amino acids 
present. Just as a chain is no stronger than its weakest link, a protein 
feed is no better than the smallest amount of an essential amino acid 
which it contains. Therefore, crude protein content of a feed does not 
give much information regarding its protein value. The feeding value 
of protein feedstuffs is now determined by nitrogen retention or growth 
studies (p, 284). 

The ether extract or crude fat analysis includes all of die substances 
soluble in fat solvents (p. 265). Most state laws require a statement of 
the minimum fat content. Some of the fatlike substances are unpalatable 
and poorly digested, while others become rancid and cause destruction 
of vitamins present in feed mixtures. It would probably be better for state 
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laws to specify the maximum rather than the minimum fat content of 
feeds. 

The crude fiber analysis is of value (p. 265) . Crude fiber is poorly di- 
gested. Very little fiber is utilized by animals. The contents of coarse, 
stemmy materials, hulls, and other woody materials are determined by 
crude fiber analysis. 

Ash or mineral analysis is of some value (p. 268), It gives the amount 
but not the kind of mineral elements present or the forms in which they 
exist. Mineral elements may be determined by chemical analysis. The 
procedures are often expensive and time-consuming. Spectrographic anal- 
ysis, which is now being used on an extensive scale, will probably greatly 
shorten the time required to determine the kinds and amounts of mineral 
elements present in ash. 

Chemical analysis is not a very satisfactory means of determining some 
of the vitamins present in a feed. Most of them are determined by feed- 
ing tests with rats or chicks (pp. 268-272). 

Microscopic analysis of feeds. Microscopic analysis is of value in de- 
termining the presence of ingredients in mixtures. It may be used for 
checking claims made for the presence of ingredients in mixtures. It may 
also be used to detect adulterants and foreign substances in feedstuffs and 
mixtures. 

Within certain limits, microscopic analysis may be used to estimate the 
quantities of ingredients in mixtures. It is of little value in determining 
the quality of ingredients or mixtures. Two substances may have the 
same chemical analysis and look alike under the microscope, yet vary 
greatly in feeding value. 

Microscopic analysis is an aid and supplement to chemical analysis in 
determining the value of a feed. Other determinations need to be made. 
Chemical and microscopic analyses do not give the amino acid, mineral 
element, and vitamin content; the palatability; digestibility; or value of 
the feed for maintenance, growth, egg production, fattening, or reproduc- 
tion (hatchability). 

Biological analysis of feeds. Biological analysis of feeds involves feeding 
tests with animals. They may be made in the laboratory with small ani- 
mals such as chicks or rats, or with larger animals and poultry flocks under 
practical farm conditions. Biological analyses include studies of palata- 
bility, digestion, balance experiments, energy metabolism, and effects of 
feeds on growth and reproduction. 

Palatability of feeds. Palatability is the first factor determining the 
biological value of a feed. If a feed is not consumed readily, it cannot be 
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expected to produce good growth or production. Unpalatable feeds do 
not stimulate normal intestinal movements and secretion of digestive 
juices. They have a tendency to remain in the crop longer than palatable 
ones. 

A bird probably chooses food by sight and touch more than by smell 
and taste. Whole grains are more palatable than finely ground ones. 
Wheat is more palatable than the other cereal grains. Coarsely ground 
mash is preferred to finely ground material. Freshly ground grains are 
more palatable than stale ground grains. Moist mash is more palatable 
than dry mash. Animal protein feedstuffs, such as milk, meat scraps, and 
fish meal are eaten more readily than vegetable protein feedstuffs, such as 
soybean, cottonseed, and linseed meals. 

Digestibility of feeds. Feeds must be digested before they can enter 
the blood stream and be transported to the tissues. Furthermore, the tissue 
cells can utilize nutrients only in the form of the simple end products of 
digestion (p. 26-4). 

Methods of determining digestibility of feeds with chickens differ 
greatly. The difference between the amount of a nutrient eaten in a given 
time and the amount of it excreted in the feces is regarded as its digesti- 
bility. This is always subject to some error, more so in the case of some 
nutrients than others. In the case of crude protein, for instance, the feces 
contain, in addition to undigested protein from the feed eaten, some 
crude protein resulting from wear and tear of the intestinal lining, diges- 
tive enzymes, and intestinal bacteria. The crude protein should not be 
considered as undigestible. In the case of birds, a still greater source of 
error is encountered. The urine and feces are excreted together. The 
crude protein in the urine has been digested. It results from the break- 
down of protein material in body processes. Troubles are encountered in 
separating the urine and feces in digestion trials with poultry. 

One method of separating urine and feces for digestion studies has been 
to operate on the bird and divert the urine from the ureters out through 
cannulae before it reaches the cloaca and becomes mixed with the feces. 
This creates an abnormal metabolism. 

Another method of separating urine and feces for digestion trials is 
the use of a solvent for the urinary constituents. This separation is sub- 
ject to error because it is impossible to dissolve out all of the urinary con- 
stituents without dissolving part of the fecal material. 

T\xt coefficient of digestibility is the percentage of a feed or nutrient 
consumed that is digested. For example, if 100 grams of corn are con- 
sumed and 10 grams are excreted by way of the feces, the amount digested 
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is 100 — 10, or 90 grams. This amounts to 90 ^ 100, or .9 digested; or in 
terms o£ percentage, .9 X 100 = 90, or 90 per cent is the coefficient of di- 
gestibility. 

The digestibility of each nutrient is figured separately. They are then 
totaled in order to get the total digestibility of the feedstuff. To calculate 
the digestibiliy of a mash feed, determine the number of pounds of di- 
gestible nutrients in the quantity of each feedstuff used and then total 
the feedstuffs and their digestible nutrients. 

The digestibility of nutrients in some poultry feedstuffs tested with 
chickens is given in Table 4, Appendix. 

The nutritive ratio of a feedstuff or ration is the relationship between 
the digestible energy and tissue-building portions of the material. It 
may be expressed by the following formula : 

digestible carbohydrates + digestible fat X 2.25 
digestible crude protein 

The digestible fat is multiplied by 2.25 because it produces 2.25 times as 
much heat and energy as an equal weight of carbohydrates. The nutri- 
tive ratio of most poultry rations varies from about 1:3 to 1 5, which 
means that the energy part of the ration is three to five times that of the 
tissue-building part. The 1 : 3 ration would be called narrow, and the 1:5 
would be wide. 

Factors influencing digestibility of feeds are important. Young and 
healthy animals digest feed better than old or sick animals. A given 
quantity of feed fed in small amounts at a time is digested more efficiently 
than when fed at one time. Animal feedstuffs are generally digested bet- 
ter than plant feedstuffs because they do not contain fiber, which must be 
disintegrated so that the digestive juices can attack the nutrients. High 
temperature used in the processing and drying of certain feedstuffs gen- 
erally reduces their digestibility. Combinations of feedstuffs fed in a 
mixture influence the digestibility of each of the ingredients. For instance, 
feeding a mixture of milk and corn results in better digestibility of the 
corn than when it is fed alone. It is believed that certain feedstuffs— milk, 
for instance — create a more favorable environment for useful intestinal 
bacteria. These, in turn, bring about more complete digestion of the 
feed. 

Retentipn value of feeds. The value of feeds is sometimes measured 
by balance experiments. Records arc kept of the intake and outgo of 
certain elements during a definite period of time. For instance, the bio- 
logical value of proteins for growth of chickens has been measured by 
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Fig. 120, Cage used in nitrogen-balance experiments with feeder specially designed to pre- 
vent wastage. 

nitrogen balance experiments (Fig. 120). The test periods are generally 
of short duration. They do not measure the value of the feed for extended 
periods of growth or for reproduction and health. 

Energy value of feeds. There are other losses that must be taken into 
consideration, in addition to feed that is not digested. These include the 
energy lost in grinding and mixing, digestion, and absorption. Various 
types of respiration apparatus and respiration calorimeters have been de- 
signed to measure these losses (Fig. 119). The more complete type of 
respiration apparatus is an air-tight chamber in which the animal is placed. 
This is so equipped that all of the air entering the chamber and leaving 
it can be accurately measured and analyzed. All food, feces, and urine 
are likewise carefully weighed and analyzed. 

The amount of carbon and nitrogen stored or lost can be measured. 
From this information, the amounts of body protein and fat that have 
been stored or lost can be computed, and likewise the gain or loss in 
energy. 

Umitations of net energy values are worthy of note. The net energy 
value of a feed does not measure its value for maintenance. For instance, 
roughages have low net energy values. They are much better for the 
production of body heat than for the production of fat. 
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Net energy values are 
far more expensive to 
determine than total di- 
gestible nutrients. The 
latter give a fair idea 
of the value of a feed 
for heat production. 

The net energy val- 
ues differ with differ- 
ent species of animals. 
For instance, studies at 
the University of Illi- 
nois have shown that 
the net energy value of 
corn grain for chickens 
is 128.5 therms per 100 
pounds. This is 52 per 
cent higher than the 
net energy value of the 
same grain for fatten- 
ing cattle. 

The net energy values of feeds are higher when scantily fed than when 
fed liberally. 

A deficiency of vitamins and certain amino acids in a ration reduces its 
net energy value. 

Growth value of feeds. The value of a feed as determined by growth 
studies shows what a feed will do. This is often measured in the labora- 
tory by feeding tests with rats and chicks. Tests made with rats give an 
indication of results that may be expected when the feed is fed to other 
animals. Final tests need to be made with the animals for which the feed 
is intended. Different species of animals do not always respond the same 
when fed the same ration. For instance, the chick and the rat do not 
need vitamin C, while some farm animals and man need it. Another illus- 
tration is the difference between the U.S.P. and A.O.A.C. vitamin D units 
of some vitamin D products for chicks and rats. Fortunately, when feeds 
are tested on chicks, the results are of direct value. 

The number of chic\s required per lot to show growth differences in 
two feeds will depend on the differences to be shown. Where there is 
quite a noticeable difference in feeds, twenty or twenty-five chicks are suf- 
ficient. Where there is very little difference many more chicks are re- 
quired. 



Fig. 121. Age of chickens, level of feed intake, and rate 
of growth. (Titus, Jull, and Hendricks, 1934.) 
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Fig. 122. Weight of chicks (Rock-Red cross) and feed consumption. Solid lines, the interval 
studied; broken lines ore extrapolations. (Titus, Juii, and Hendricks, 1934.) 

The length of the feeding trial for growth studies of chicks is usually 
eight weeks. Almost all nutritional troubles will show up in this length 
of time. Tests have shown that differences in lots of chicks at four weeks 
of age will remain so at eight and sixteen weeks. Birds are more sensitive 
to growth factors in feeds early in life than later on. 

The age of the chic\ influences the rate of growth. There is an early 
period of increasing rate of growth (the first eight to twelve weeks) and 
a later period of decreasing rate (Fig. 121). If early growth rate is in- 
hibited by low protein levels or other causes, the later growth rate will be 
greater than normal. 

The amount of feed consumed is another important factor governing 
the rate of growth. The older the bird during the growing period, the 
greater the proportion of feed eaten that is used for maintenance and the 
smaller the proportion used for growth (Fig. 122). Each succeeding 1000 
grams of feed eaten by young chickens results in about 9 per cent de- 
crease in the amount of gain secured. The amount of feed required 
under the conditions of the experiment to produce any given average live 
weight from 200 to 2200 grams, may also be read from the graph. Titus 
and Hendricks have shown that the rate of growth is more a functioii 
of food intake than time when birds are fed good rations. They could 
predict the live weight better than the age of chicks any time during the 
first six weeks by knowing the amount of feed consumed. 
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The protein level of 
the ration influences 
the rate of growth of 
chicks. Birds fed a 
high protein ration 
make faster earlier 
growth than those fed 
a low protein ration 
(Fig. 123). Those fed 
a low protein ration 
make faster growth 
later in life. 

The vitamin con- 
tent of the ration, es- 
pecially vitamin G, 
influences the rate of 
growth. 

These and other 
factors will be dis- 
cussed under nutri- 
tive requirements for maintenance, growth, and finishing poultry. 

Reproduction value of feeds. The final test of the value of a feed is its 
efficiency for growth and reproduction through succeeding generations. 
If growth, health, and reproduction are normal through one generation, 
they will generally remain so during succeeding generations. 

In the case of poultry, it takes a better feed to produce hatchable eggs 
than merely to produce eggs. This is to be expected since the hen must 
store all the nutrients for the development of the embryo in the egg. 
If an inadequate supply is stored, the embryo will develop for a time and 
then die. 

Some feeds are satisfactory for maintenance but not for growth or egg 
production. Others are satisfactory for growth and egg production but 
not for hatchability. However, a feed that produces good hatchability 
is satisfactory for maintenance, growth, and egg production. 

The Nutritive Requirements of Poultry 

The nutritive requirements of poultry vary with the purpose for which 
birds are fed. They include the requirements for maintenance, growth, 
egg production, hatchability, and fattening. 

Nutritive requirements for maintenance. Needs of an animal for 
maintaining body functions, body temperature, and repair of tissues must 
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Fig. 123. Protein level and growth rate. A high protein ra- 
tion results in early rapid growth, while a low protein ration 
results in later growth. The horizontal arrows represent 
changes in growth rates while the vertical arrows represent 
the approximate age at which production begins. 
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be provided before growth, production, fattening, or reproduction can 
take place. The requirements for maintenance and any one of these other 
functions are generally listed together. It is not often that poultry are 
merely maintained for any length of time without some specific object in 
mind, such as growth or reproduction. Exceptions are male chickens and 
turkey breeders which may be fed maintenance rations between breeding 
seasons. Setting hens are also fed maintenance rations while incubating 
eggs and brooding chicks. 

Energy needs for maintenance include those for maintaining body tem- 
perature and essential body activities. The temperature of the body of 
the chicken must be maintained near 107°F. for normal functioning of 
the body activities. Heat resulting from the heart beat, respiration, diges- 
tion, and body movements is used for this purpose. When the heat from 
these sources is insufficient to maintain the normal body temperature, the 
animal will eat additional food for heat production. In the absence of 
food, the body will oxidize its own tissues for this purpose. The lower 
the ’environmental temperature and the greater the body surface in pro- 
portion to body mass, the greater the heat loss from the body and conse- 
quently the more food required to maintain the body temperature. 

The energy from food required for maintaining body temperature and 
essential body activities amounts to about eight hundred calories per 
square meter of body surface per day. The basal heat production (p. 279) 
of males is a little greater than that of females, while that of capons is 
considerably lower. It will vary with the environmental temperature of 
the bird. 

The critical temperature (p. 280) of the chick is 96 °F. at hatching time. 
A seven-degree decrease from the critical temperature results in about 15 
per cent increase in metabolism. The critical temperature of the inactive 
fasting hen is 62 °F. The greater the activity of the bird and the greater 
the amount of food eaten, the lower the critical temperature. The energy 
needs of moderately active birds are approximately 50 per cent greater 
than for basal heat production. 

The protein needs for maintenance are determined by measuring the 
amount of nitrogen in urine of animals fed a nitrogen-free diet so designed 
as to furnish all other nutrients in ample amounts. It is usually expressed 
in terms of milligrams per kilogram of body weight. The endogenous 
nitrogen (that required for maintenance) amounts to about two milli- 
grams per calorie of heat production. Ackerson and his associates at 
the Nebraska Agricultural Experiment Station have shown that the 
nitrogen requirement of young birds is greater per unit of weight than 
that of old birds. Males probably have a greater nitrogen requirement 






Cornell Ext. Bui. 240. Feed consumption of pullets and cockerels not determined separately until after 6 wks. 
Cornell Ext. Bui. 240, Feed consumption of pullets and cockerels not determined separately until after 14 wks. 
Kan. Sta, Bui. 274. Cockerels were caponized when 12 weeks old. 

Pa. Sta. Bui. 250. 
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than females because of the greater basal heat production. Activity should 
not affect the nitrogen needs for maintenance as long as ample food en- 
ergy is used to meet the needs for the activity. 

The mineral needs for maintenance have not been studied so carefully 
as the energy and protein needs. The latter two are used up and the by- 
products excreted. Some of the minerals are used over again and small 
amounts are excreted when birds are kept on maintenance rations. When 
sufhcient food is supplied to meet the energy and protein needs, it will 
generally contain sufficient mineral elements to meet the mineral needs 
for maintenance. 

The vitamin needs for maintenance have not been carefully investigated. 
They are lower than for growth or production. Vitamins of the B com- 
plex (p. 270) are probably the most essential ones for maintenance. 

Nutritive requirements for growth. Growth is the elaboration of new 
tissues that make up the changes in weight, form, or composition of the 
animal. The rate of growth is determined by the inherent capacity for 
growth, the. kind and amount of feed consumed, and the environment 
of the birds. The chicken grows more rapidly than other domestic ani- 
mals, doubling its weight in about two weeks and increasing it by ten 
times in six weeks (Table 37). The absorbed yolk furnishes the first 
nutrients required by the newly hatched chick. It supplies the energy and 
other needs until the chick can move about and locate food. 

The energy needs for growth include the energy required for mainte- 
nance, that required for activity, and the energy of the new tissue formed. 
On the basis of per unit of body weight, the energy represented by the 
growth of tissue decreases with age; but the amount of energy stored per 
unit of increase in body weight increases with age (Table 38). The aver- 


Table 38 

NET-ENERGY REQUIREMENTS OF GROWING WHITE I.EGHORN COCKERELS ^ 


Body 

Weight 

(Pounds) 

Net Energy (Calories) 

Equivalent 
Weight of Corn 
(Grams) 

Maintenance 

Activity 

Growth 

Total 

' 0.5 ■' ■ ^ 

37 

18 ; 

15 

70 

. 25 : ' 

1.0 

55. 

27 

19 

101 

■ . 36' , . 

."'LS. 

59 

29 

21 

109 

39'' . ' 

2.0 

•,■■■ 72 

56 

21 

129 

46 

3.0 

94 

47 

19 

160 


4.0 

114 

57 

14 

185 

. .66 ■■ 

5.0 

133 

66 

10 

210 ■ ■ 

75. 


^ Mitchell, Card, and Hamiltoiij 1931. 
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age daily expenditure in muscular activity has been estimated to be 50 
per cent of that required for maintenance. The equivalent weight of corn 
in Table 38 refers to the amount of corn required to meet the net energy 
requirements, assuming that the net energy value of corn is 280 calories 
per 100 grams. 

If the ration is composed of ingredients to supply adequate and eco- 
nomical sources of proteins, minerals, and vitamins, there will be no short- 
age of energy. 

The protein needs for growth are high, since the increase in weight of 
a growing animal is largely due to the increase in protein and water. The 
level of protein intake influences the amount of feed consumed, the effici- 
ency of utilization of feed, the rate of growth, the maximum weight at- 
tained, and the time required to attain maximum weight (Table 39). As 

Table 39 

RELATIVE EFFECTS OF DIFFERENT LEVELS OF PROTEIN INTAKE ON THE 
GROWTH AND UTILIZATION OF FEED BY MALE CHICKENS ^ 


Level of 
Protein. Intake 

Efficiency of 

Feed Utilization 

Maximum Live ’ 
Weight Attained 1 

Quantity of Feed i 
Required for Attaining 
Maximum Weight 

Length of Time 
Required to Attain 
Maximum Weight 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

13 

67.7 

97.6 

144.1 

119.9 

14 

80.6 

97.9 

121.3 

' 111.7 

15 

87.3 

98.2 

112.5 

107.8 

16 

91.5 

98.6 

107.7 

104.6 

17 

94.6 

98.9 

104.6 

102.6 

18 

97.2 

99.2 

102.1 

101.5 

19 

98.7 

99.5 

100.7 

101.0 

20 

99.7 

99.8 

100.1 

100.5 

21 

100.0 

100.0 

100.0 

100.0 

22 

97.9 

100.2 

102.3 

99.7 

23 

94.3 

lOOA 

106.4 

99.5 

24 

90.2 

100.5 

111.4 

99.4 

25 

85.6 

100.6 

117.5 

99.2 


the protein of the diet increases from 13 to 21 per cent, there is a definite 
increase in the average efficiency of the utilization of feed for growth; 
but as the protein increases from 21 to 25 per cent, there is a rather sharp 
decrease in efficiency. The data indicate that the optimum level is prob- 
ably between 20 and 21 per cent The optimum level will vary with the 
quality of the protein, being somewhat less for protein of high biological 
value. Protein levels above 13 per cent have little influence on the maxi- 

2 Titus, U. S. D. A. Yearbook, 1939, p. 813. 
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mum weight attained. The time required to reach maximum weight is 
increased noticeably, as the protein level is decreased from 21 to 13 per cent. 

While the optimum level of protein intake from the physiological 
standpoint is about 21 per cent, the most economical level for most pur- 
poses is around 18 or 19 per cent. The elBciency of feed utilization at this 
level is only slightly lower than at the higher level, while the cost of the 
lower protein feed is generally noticeably lower. 

Since a larger proportion of the feed eaten is needed for energy purposes 
and a smaller proportion for growth of tissue, as a bird increases in weight, 
the protein level may be reduced when the period of rapid growth has 
been passed. This is generally between eight and twelve weeks of age 
(Fig. 121). The protein level may be reduced from the 18- to 20-per cent 
of the starting and growing ration to 15 or 16 per cent, which is the 
amount recommended in the laying ration (p. 294). 

The mineral needs for growth are principally needs for calcium and 
phosphorus for bone formation. The deposit of the mineral elements de- 
pends on the amounts present, the ratio between them, and the presence 
of vitamin D. Studies made at several of the experiment stations indicate 
that the chick ration should contain 1 to 1.3 per cent calcium and .7 to 
.9 per cent phosphorus. The ratio of calcium to phosphorus should be 
between 1: 1 and 2: 1. 

The sodium chloride or salt requirement for growth is met by the salt 
content of animal protein feedstuffs (p. 314), when these are used as the 
only protein feedstuffs. When vegetable protein feedstuffs are used, it is 
advisable to add .5 to 1 per cent salt to the ration. Amounts up to 2 per 
cent of chick rations appear to make no difference in growth and health 
of birds. The more salt consumed, the more water consumed and conse- 
quently the more fluid the droppings become and the damper the litter. 

The chick needs little more than traces of iron in the ration. This is 
supplied in adequate amounts by animal protein feedstuffs and by the 
traces found in alfalfa, middlings, and other vegetable substances making 
up the ration (Table 2, Appendix). 

The chick needs thirty to fifty parts of manganese per million parts of 
the ration for normal growth of bone. 

The mtumin needs for growth have been more thoroughly investigated 
than those required for egg production and hatchability. Vitamins A, D, 
and G are the ones that are most likely to be deficient in poultry rations. 
Even these are supplied in adequate amounts when birds are grown on 
green grass range. 

The starting chick needs 1200 and the growing chick 1800 International 
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units o£ vitamin A, 180 A.O.A.C. chick units of vitamin D, and 1.6 milli- 
grams of riboflavin (G) for starting and 0.9 for growing chicks, per pound 
of feed. Daily exposure to sunlight varying from two and one-half min- 
utes in the summer to twenty-five minutes in the winter may be used in 
place of vitamin D for the prevention of rickets among growing chicks. 
Ultraviolet lights may be used in place of sunlight. The length of ex- 
posure of chicks under these lamps will vary with the kind of light, its 
intensity, and its distance from the chicks. 

The nutritive requirements for egg production. The nutritive needs 
for egg production include those for maintenance, growth of pullet layers, 
and the nutrients in the eggs produced. The nutritive requirements will 
be greater for birds with an inherited capacity for high egg production 
than for birds that will lay only a few eggs. The standard-weight egg con- 
tains about 95 calories of gross energy, 7.5 grams of crude protein, and 2 
grams of calcium. 

The energy needs of a four- to five-and-one-half-pound hen include .145 
to .227 pounds of feed daily for maintenance, and .078 to .1 pound for the 
production of an egg, or a total of .223 to .327 pounds. Naturally, the 
larger the bird and the larger the egg, the greater the energy needs for egg 
production. 

The protein needs for egg production include about 6.5 grams daily for 
maintenance, and 7.5 grams for the egg. An additional amount is needed 
the first few months of production to meet the growth requirements. A 
protein content of 15 per cent in most laying rations will generally take 
care of the protein requirements. Pullets may need as high as 18 per cent 
protein the first few months of production to take care of the intensity of 
egg production and body growth. Old hens, on the other hand, may pro- 
duce as well on 13 to 15 per cent protein as on higher levels. 

Molting birds need proteins of high cystine content for renewal of feath- 
ers. Tests conducted at the Nebraska Agricultural Experiment Station 
have shown that the endogenous nitrogen loss among nonmolting hens 
amounts to about 144 milligrams per kilogram of body weight, and among 
molting hens, 219 milligrams. Evidently the molting hen breaks down tis- 
sue protein to supply the amino acid cystine for feather growth. When 145 
milligrams of cystine were added to the diet of the molting hen, the en- 
dogenous nitrogen loss was reduced to 137 milligrams. The feeding of 
cystine exerted a protein sparing out of proporTion to its nitrogen content, 
thus indicating its value for feather growth. 

The mineral needs for egg production are mostly needs for calcium and 
phosphorus. The shell of the egg constitutes about 11 per cent of its total 
weight. It consists largely of calcium carbonate. The yolk of the egg con- 
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tains about 80 milligrams of phosphorus. The laying ration should con- 
tain about 23 per cent calcium and .8 per cent phosphorus. The require- 
ments will vary within wide limits, depending on the rate of production. 
Oyster shells or some other source of calcium should be kept available to 
supply additional calcium for high-producing hens. These hens will eat 
more mash feed, and therefore will secure additional phosphorus from 
this source. 

The egg contains 1.5 milligrams of iron. Studies made at Ohio State 
University and elsewhere have shown that the traces of iron found in poul- 
try feedstuffs meet the iron requirements for egg production. The traces 
of iodine found in oyster shell, fish meal, and other marine products meet 
the iodine needs of laying and breeding stock. 

The salt needs are met by the use of animal protein feedstuffs. When 
vegetable protein feedstuffs are used, it is advisable to add .5 to 1 per cent 
sodium chloride to the ration. It may also be added to rations containing 
animal protein feedstuffs. 

The laying and breeding ration should contain fifty parts of manganese 
per million for the production of normal shell texture and hatchability. 

The vitamin needs for egg production should include about 3150 Inter- 
national units of vitamin A, 360 A.O.A.C. chick units of vitamin D, and 
.9 milligrams of riboflavin (G) per pound of feed. 

Nutritive requirements for hatchability. It requires a better ration for 
the production of hatchable eggs than for the production of market eggs. 
The hen must store in the egg all of the vitamins and other nutrients re- 
quired for chick embryo development. The ration has little influence on 
the production of sperm cells by males as long as the birds remain healthy. 

Energy needs for the production of hatchable eggs are the same as for 
the production of market eggs. 

Protein needs for the production of hatching eggs are the same in quan- 
tity as for the production of market eggs. Proteins of higher biologi- 
cal value are required for the production of hatching eggs than for the 
production of market eggs. Animal protein feedstuffs such as milk, fish 
meal, and meat scraps produce better hatchability than blood meal and 
“stick” (cooking water residue from the steam rendering of animal 
products). 

Mineral needs ior the production of hatchable eggs are the same as for 
the production of market eggs (p. 294) . 

Vitamin needs lot the production of hatching eggs are higher than for 
the production of market eggs. The breeding ration should contain about 
3300 International units of vitamin A, 450 A.O.A.C chick units of vitamin 
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D, and 1.3 milligrams of riboflavin per pound of feed. Vitamin E is also 
necessary for hatchability. It is v^idely distributed in poultry feedstuff s 
(Table 3, Appendix), and there is little chance of a deficiency in breeding 
rations. 

It is desirable to feed rations suitable for the production of hatchable 
eggs to flocks kept for the production of market eggs. The eggs produced 
will have greater vitamin content and consequently greater food value. 
The vitamin D content of egg yolks has been increased tenfold by increas- 
ing the vitamin D content of the ration. When birds are fed a ration 
sufiiciently high for the production of hatchable eggs, there is less deple- 
tion of the vitamin content of the body. The layers have better health and 
are better, able to resist or withstand attacks of poultry disease. 

Nutritive requirements for fattening. Birds that are fairly well ma- 
tured, such as fryers, roasters, and capons and mature birds, may be fat- 
tened. The fattening of birds increases the palatability of the meat and 
makes it more tender. Another purpose of fattening is to add body 
weight. 

Energy needs for fattening are high because the deposit of fat means the 
deposit of a rich source of energy. Carbohydrate feedstuffs make up a 
large proportion of the fattening ration because they are cheap and are 
readily transformed into fat by the animal. The addition of 2 to 4 per cent 
of corn or peanut oil to the ration will increase its fat-producing value. 

Protein needs for fattening are low because animals that fatten well are 
nearly or completely finished growing. There is, therefore, little demand 
for protein for the growth of tissues. Animal proteins, such as milk, do 
improve the palatability of poultry, increase feed consumption, and conse- 
quently increase body weight. Rations containing 14 or 15 per cent pro- 
tein are generally used for fattening poultry. 

Mineral needs for fattening poultry are the same as for growth (p. 293). 
If vitamin D is omitted from the ration, the ratio of calcium to phos- 
phorus may be increased to 2.3 to 1 to prevent the development of brittle 
wing and leg bones. 

The vitamin needs for fattening are approximately one-half the needs 
for growth (p. 293). Vitamin D, in the form of fish oil or fish meal, may 
be omitted from the ration during the last two weeks in order to prevent 
the meat from having a ‘‘fishy” taste. 

Summary of the nutritive requirements of poultry. Table 40 gives a 
summary of the nutrient allowances for chickens recommended by the 
Committee on Animal Nutrition of the National Research Council in 
1944. The allowances take into consideration reasonable margins of safety 
to cover differences in compositiop- manufacture, and storage losses. 
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Table 40 

RECOMMENDED NUTRIENT ALLOWANCES FOR CHICKENS * 



Amount per Found of Feed 


Starting 

Chicks 

Laying and 
Breeding Hens 

Protein, total per cent 

20.0 

15.0 

Arginine, gm 

4.5 

? 

Cystine, gm 

1.8 

? 

Glycine, gm 

Lysine, gm 

4.5 

? 

4.1 

? 

I 

Methionine, gm. . 

4.5 

? 

Tryptophan, gm 

1.8-2. 3 

? 

Vitamins 



Vitamin A (International units).. . 

1200 

3300 

Vitamin D (A.O.A.C. units) 

180 

450 

Thiamin, mg 

0.9 

? 

Riboflavin, mg. 

1.6 

1.3 

Pantothenic acid, mg 

5.0 

7.0 

Nicotinic acid, mg 

8.0 

? 

Pyridoxine, mg 

1.6 

1.6 

Biotin, mg 

0.045 

0.07 

Choline, gm 

0.7 

? 

Minerals 



Calcium, per cent 

1.00 

2.25 

Phosphorus, per cent 

0.60 

0.75 

Sodium chloride, per cent 

0.50 

0.50 

Manganese, mg 

25.00 

15100 

Iodine, mg 

0.50 

0.50 


Keview Questions 

1. Poultry products and poultry foodstuffs are composed of what nutrients? 

2. What are the functions of minerals in the animal body? 

3. What determines the value of a protein in a ration? 

4. Differentiate between fat and ether extract. 

5. What vitamin is most likely to be deficient in poultry rations? Why? 

6. What are the most practical and economical sources of vitamin A for 
poultry? 

7. What are the chief functions of vitamin G? 

8. Differentiate between the U.S.P. and A.O.A.C. units of vitamin D. 

9. Is there likely to be a shortage of vitamin E in poultry rations? Why? 

10. Define metabolism. 
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11. Why are digestion trials with chickens subject to greater error than diges- 
tion trials with other domestic animals? 

12. Why does the biological analysis of a feed give more information regarding 
the feeding value of a feed than is given by the chemical analysis? 

13. Of what value is microscopic analysis of feeds? 

14. List factors which contribute to the palatability of a ration. 

15. What are some of the factors which influence the digestibility of a ration? 

16. What are some of the factors which influence the results obtained when 
the growth value of a feed is being’ determined? 

17. What is the final or most reliable test of all in measuring the biological 
value of a feed? 

18. Approximately what per cent of the feed eaten by laying hens is used for 
maintenance? 

19. For what purposes may maintenance rations be fed on the farm? 

20. Compare the protein and energy needs of a growing bird as it increases in 
body size. 

21. What are the two principal mineral elements needed for growth? 

22. Why is manganese needed in poultry rations? 

23. What are the three vitamins that are most likely to be deficient in chick 
rations? 

24. Compare the protein requirements for growth and egg production. 

25. Why are the nutritive requirements higher for the production of hatching 
eggs than for the production of market eggs? 

26. Why is it advisable to feed for the production of hatchable eggs even 
though they are to be sold as market eggs? 

27. Compare the nutritive requirements for growth and fattening. 
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CHAPTER TEN 


Feeding Fractices 


The feed cost amounts to more than 60 per cent of the total cost of poul- 
try production. The results obtained are largely dependent upon the ra- 
tions and how they are fed. The value of a ration is determined by the 
kind, quality, and amounts of feedstuffs used. 

Poultry Feedstuffs 

Poultry derive part of their feed directly from plant sources and part 
indirectly through animal sources. 

Feedstuffs may be classified into four principal groups, depending upon 
the primary purposes for which they are fed. These groups are carbohy- 
drate, protein, mineral, and vitamin feedstuffs. 

Carbohydrate Feedstuffs 

Carbohydrate feedstuffs constitute about 75 to 90 per cent of poultry ra- 
tions. They are used primarily for heat, energy, and fat production. The 
carbohydrate feedstuffs are produced easily, are readily available, and are 
cheap. They contain other nutrients in addition to carbohydrates or nitro- 
gen-free extract (Tables 1-3, Appendix). They are deficient in certain 
essential amino acids, minerals, and vitamins. 

The cereal grains are the chief carbohydrate feedstuffs. They are much 
alike in composition and feeding value. The amounts of different grains 
in rations may be varied within wide limits, depending upon price and 
availability. Grains are graded according to moisture' content, weight per 
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Table 41 


GRAIN STANDARDS ^ 


Maximum Limits of 


)rn 

(Yellow, 
white and 


Grade 

Minimum 

Test 


Damaged Kernels j 

Foreign Material 

Weight 

PER 

Bushel 

Moisture 

Total 

Heat 

Damaged 

Matter 
^ , Except 

Total Other 

Grains 


Pounds 

Per Cent 




1 

54 

14.0 

3 

0.1 

2 

2 

53 

15.5 

5 

.2 

3 

3 

51 

17.5 

7 

.5 

4 


1 Condensed from U. S, D. A. Handbook of Official Grain Standards, Revised, 1941, 
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bushel, soundness of kernels, and freedom from foreign seeds and dirt 
(Table 41). 

Corn. Indian corn, or maize, is the chief cereal grain produced in the 
United States. It produces better yields than the other grains, is easily 
grown, and is well liked by domestic animals. Corn is high in nitrogen- 
free extract, chiefly starch, and relatively high among the cereal grains in 
fat. It is low in protein and mineral content. The two chief types of corn 
fed to livestock are dent and flint. They have about the same feeding 
value. Flint corn is harder than dent corn. 

New corn that is well matured at husking time, should not contain more 
than 20 or 25 per cent moisture. It is satisfactory for poultry feeding pur- 
poses as soon as it is dry enough to shell. The feeding value of new corn 
per pound as purchased becomes greater as it becomes drier. 

Shelled corn may spoil, when stored, if it contains more than 14 to 15 
per cent water. It pays to shell corn and feed it to poultry in hoppers 
rather than to feed it as ear corn in the litter. 

Ground corn generally has about the same feeding value as whole corn. 
Some of the whole corn is used by the animal for energy for grinding, 
thereby lowering its net feeding value. In ground corn there is a tendency 
to dry out and become unpalatable. The fat in the germ becomes rancid 
and there is loss of vitamin A. These factors reduce the net value of 
ground corn. Coarsely ground corn is more palatable and gives better re- 
sults than finely ground material. The feeding value of ground corn is 
also higher when it is ground only a few days before it is to be fed. 

Crac\ed corn has no greater feeding value than coarsely ground corn, if 
as great. Sifting out the fine material from cracked corn adds to the ex- 
pense of this material over that of whole or ground corn. The fine ma- 
terial sifted out contains corn bran and part of the corn germ. These 
materials have higher nutritive value than the more starchy cracked corn. 

Corn feed meal is the fine siftings obtained in the manufacture of 
cracked corn, with or without aspiration products added to the siftings. 
It is, therefore, not a standard product. It varies in composition and feed- 
ing value, depending upon the amount of germ and bran it contains. 

Hominy meal is a by-product of the manufacture of hominy, hominy 
grits, and corn meal by the degermination process. It contains the corn 
bran, germ, and part of the starchy portion of the grain. It varies in com- 
position, depending on the amount of germ and bran it contains. Hom- 
iny contains 5 to 7 per cent fat, and about 11 per cent protein. Hominy 
meal is probably slightly better than ground corn in fattening rations be- 
cause of its greater fat content. In growing and laying rations, hominy 
meal is no better than ground corn, if it is as good. 
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Wheat. Wheat is second only to corn as a cereal in the United States. 
It is raised primarily for the manufacture of flour and other human foods. 
It is generally more expensive than corn and other cereal grains, and is 
therefore less used in livestock rations. Wheat by-products, bran and mid- 
dlings, resulting from the manufacture of flour, are widely used in live- 
stock and poultry rations. Wheat from the western plains contains about 
13.5 per cent protein, while that from the Pacific Coast has only 9.9 per 
cent. Spring wheat is slightly higher in protein and fiber than winter 
wheat. Wheat is low in calcium, but is a fairly good source of phosphorus. 
It is a good source of vitamins Bi and E. Winter and spring wheat have 
about the same feeding value. 

Whole wheat is the most palatable of all the grains for poultry. Young 
chicks are able to eat and utilize it after they are two or three weeks old. 
Good, sound, and clean whole wheat is usually worth more for flour mill- 
ing purposes than for livestock feeding. Shriveled wheat that is unsatis- 
factory for milling purposes is satisfactory for poultry feeding. The same 
is true of wheat that contains other grains and possibly some weed seeds. 
Wheat gives better results when fed as the whole grain in feeders than 
when ground and mixed in the mash. 

Ground wheat may be used as a substitute for bran and middlings in 
poultry mashes when it is cheaper. The wheat should be coarsely ground. 
Large amounts of ground wheat in poultry rations cause them to have a 
tendency to pack and to cause sticky masses in the mouth when eaten 
(Fig. 133). This is due to the large amount of flour material and to the 
wheat gluten present. When ground wheat is used in poultry mash feeds, 
it is desirable to use ground oats, alfalfa, and possibly wheat bran to add 
bulk and prevent packing. The use of 25 per cent ground wheat and 5 per 
cent wheat bran makes a satisfactory substitute for a similar amount of 
middlings and bran. Ground wheat is lower in protein, minerals, and 
vitamins than bran and middlings, and consequently is not quite so valu- 
able a feedstuff. 

Wheat bran is a by-product obtained in the milling of wheat for flour. 
It is the outer coating of the wheat grain. As the wheat passes through 
successive pairs of rollers, it is broken and crushed, the bran flattened out, 
and the flour sifted out. In the milling of wheat, the yield of flour amounts 
to about 72 to 75 per cent of the whole wheat, and the by-products are com- 
posed of about 11 per cent bran and 11 per cent middlings. Bran contains 
about 16 per cent protein, 5 per cent fat, and 10 per cent fiber. It is low 
in calcium, but contains more phosphorus than any of the other grain 
products. Bran should not constitute more than 10 to 15 per cent of the 
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chick ration because of its bulkiness, high fiber content, phosphorus con- 
tent, and laxative effect. The best grades of bran have large clean flakes 
and contain no screenings. Fine, reground bran or standard bran often 
contains screenings. These screenings are chiefly weed seeds. They may 
interfere with palatability, depending upon the kind and amount of seeds 
present. Bran is used in rations primarily to add bulk and for its mild 
laxative effect. 

Wheat standard middlings consist of fine particles of bran and germ and 
red dog flour obtained as a by-product in the milling of wheat for flour. 
This feedstuff consists of 17.4 per cent protein, 6.8 per cent liber, and 5.5 
per cent fat. It supplies about 12 per cent more digestible nutrients than 
bran and is a better feedstuff. Middlings generally constitutes from 15 to 
30 per cent of poultry mashfeeds. It adds to the palatability of the mash, 
supplies Bi, E, and other vitamins through its germ content, and helps to 
prevent perosis because of its manganese content. The protein in mid- 
dlings, like that of other cereal grains, is low in biological value and needs 
to be supplemented with animal protein feedstuffs. 

Wheat flour middlings, also known as wheat gray shorts, contains more 
flour and less bran and germ than found in standard middlings. This 
feedstuff should not contain more than 6 per cent fiber. It has about the 
same or a little less feeding value than standard middlings. 

Wheat red dog flour, also known as white shorts, contains more flour 
and less fiber than found in flour middlings. While it is higher in digesti- 
ble nutrients than standard middlings, it is lower in feeding value because 
it contains less germ and bran, and consequently less of the valuable vita- 
mins and minerals. 

Wheat mixed jeed, ^%o known as “mill run,” consists of the bran and 
middlings obtained in the milling of wheat. It has about the same feeding 
value as equal parts of bran and middlings and may be used in place of 
them in poultry rations. 

Wheat germ in some of the larger mills is separated more or less com- 
pletely from the middlings and sold as wheat germ meal It is rich in vita- 
mins Bi and E, and contains about 25 to 30 per cent protein. 

Oats. Oats rank third in acreage among the cereals in the United 
States. They contain about 12 per cent protein, 10.6 per cent fiber, and 4.7 
per cent fat. Oats vary all the way from 30 per cent hulls or less and 
thirty-two pounds or more per bushel to more than 50 per cent hulls and 
less than twenty-five pounds per bushel. Good, heavy oats weighing thirty- 
two pounds per bushel are a valuable feedstuff for poultry. This feedstuff 
supplies factors which aid in preventing cannibalism and in the prevention 
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o£ perosis (p. 388). Since these factors are found in the hull and outer 
coating of the oat kernel, the entire oat grain should be fed. Oats gen- 
erally constitute from 10 to 30 per cent of poultry rations. 

Whole oats are a satisfactory feedstuff for poultry. They can be utilized 
satisfactorily by chickens and turkeys which are at least six weeks old. 
The consumption will vary with the environment and other constituents 
in the ration. Chickens kept in confinement and on wire will consume 
more oats than birds kept on straw litter and given green grass range. 
Oats may be kept before the birds in hoppers or mixed with other grains 
or the mash. 

Ground oats are used satisfactorily in mash feeds. They should be 
finely ground with a hammer mill. 

Clipped oats \i 2 Nt been run through an oat clipper, which clips off the 
pointed end of the hulls. This process is unnecessary. 

Hulled oats, also known as oat groats, and rolled oats are of less value 
than whole or ground oats for poultry. While hulled oats contain less 
fiber and more digestible nutrients than ground whole oats, they contain 
less of the factors which prevent cannibalism and perosis. It is not eco- 
nomical to feed hulled oats to poultry. 

Sprouted oats have no greater feeding value than unsprouted whole oats 
(Table 42). They were once used as a substitute for green grass and suc- 

Tahle 42 

THE FEEDING VALUE OF DIFFERENT FORMS OF OATS 
FOR EGG PRODUCTION ^ 


Kind of Oats Constituting Egg Production 

20 Per Cent of the Ration Per Bird (SO Weeks) 

Basal ration — no oats 116 

Ground oats 140 

Whole oats 133 

Germinated oats 13S 

Hulled oats 131 


culent feed during the winter months. Alfalfa meal is now used in place 
of sprouted oats. It furnishes the material supplied by sprouted oats and 
additional protein, mineral, and vitamin nutrients. 

Barley, Barley ranks fourth in importance as a grain crop in the United 
States. It is the most widely cultivated of the cereals throughout the world, 
as it is adapted to a wide range of climatic conditions. Barley production 
is gradually replacing oat production. The two grains are much alike 
in composition and feeding value. Heavy barley, weighing forty-eight 
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pounds or more per bushel, is more satisfactory for poultry feeding than 
lighter barley weighing only about forty-five pounds per bushel Barley 
may be used in the same manner as oats in poultry rations. It may be used 
to replace oats or a part of the corn and wheat products commonly used in 
poultry rations. 

Rye. Rye, although resembling wheat closely in composition, is an un- 
satisfactory feedstuff for poultry. The whole grain is hard and unpalata- 
ble. The use of 20 per cent or more of ground rye in chick rations causes 
digestive disturbances and the droppings have a tendency to adhere to the 
feet. A small amount of rye, not exceeding about 15 per cent, may be used 
in growing and laying rations. It should be ground and used in the mash 
feed. 

Buckwheat. Buckwheat is unpalatable because of its dark, unattractive 
appearance and high fiber content. It is unsatisfactory as a whole grain 
feed. Ground buckwheat or buckwheat middlings may be used to replace 
10 to 20 per cent of other grains or their by-products in poultry mash feeds. 

Sorghum grains. Sorghum grains are grown in the southwestern part 
of the United States where there is a scarcity of rainfall The chief kinds 
are milo, kafir, feterita, kaoliang, hegari, durra, and shallu. The sorghums 
resemble corn in composition (Table 1, Appendix). Unlike yellow corn, 
they are deficient in vitamin A. There are no advantages in including 
sorghum grains in poultry rations unless they are cheaper than corn, 
wheat, and oats. In fact, the sorghum grains do not give quite so satis- 
factory results. 

Rice. Rice is one of the most important cereal crops of the world. 
However, the production in the United States is of minor importance. 
Rice is grown in the coastal section of Louisiana, and in Arkansas, Texas, 
and California. Rice products, such as rice bran, rice polish, and brewers’ 
rice, can be used to replace part of the other grains in the ration. Rice is a 
good feedstuff and well liked by poultry. It is seldom economical for use 
in rations except in regions where it is produced. 

Screenings. Screenings consist of small, broken, or shrunken kernels of 
grain, wild oats, and wild buckwheat, smaller weed seeds, chaff, and 
broken stems. This material is removed as completely as possible from 
wheat and other grains before they are milled for human consumption. 
Screenings vary so greatly in composition and feeding value that no defi- 
nite statements can be made regarding them. Bulky screenings are un- 
satisfactory for poultry and are of low food value. The presence of many 
weed seeds such as lambs quarter, pigweed, and mustard, will interfere 
with palatability; It is a safe plan to avoid the use of screenings or feed- 
stuffs containing much of them in poultry rations. 
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Cane molasses. Cane molasses, also known as blackstrap, is a by- 
product of the manufacture of cane sugar from sugar cane. Some cane 
molasses is produced in the Gulf Coast States, but the most of the material 
used in the United States is imported from Cuba and Hawaii. This feed- 
stuff consists mostly of sugars and water. It also contains some minerals 
and vitamins (Tables 1~3, Appendix). Cane molasses may be used to 
replace cereal grains, pound for pound, up to 10 per cent of the ration. It 
should be incorporated in the mash feed with a power mixer. Cane molas- 
ses used in rations containing litde or no milk will increase palatability, 
increase water consumption, and serve as a mild laxative. It appears to 
keep poultry in a more healthy condition. 

Beet molasses is not so satisfactory as cane molasses as a poultry feed- 
stuff because of its higher alkaline salt content and greater laxative effect. 

Bread. Bread and other stale bakery products are sometimes fed to 
poultry. The analysis of bread is quite similar to that of grains (Table 1, 
Appendix) . Bakery products may be used to replace a part of the grains 
fed to poultry. 

Potatoes. Potatoes which are too small for sale may be cooked and fed 
to poultry. A gallon of cooked potatoes may be fed to one hundred hens 
daily to take the place of about a quart of grain. 

Protein Feedstuffs 

The protein feedstuffs are the most costly group of feedstuffs used in 
poultry rations. They generally constitute from 10 to 30 per cent of the 
ration. Protein feedstuffs are derived from both plant and animal sources. 
Care is needed in the selection of protein feedstuffs for poultry rations in 
order to secure a sufhcient quantity of the essential amino acids for growth 
and egg production. 

Animal protein feedstuffs include milk, meat scraps, tankage, fish meal, 
and hatchery residue. They are more palatable, higher in mineral and 
riboflavin content, and higher in biological value (Table 43) than vege- 
table proteins. Most animal protein feedstuffs are more variable in com- 
position than vegetable protein feedstuffs because they are blends of various 
packing house and cannery by-products. The use of high temperatures in 
the preparation of animal protein feedstuffs reduces their digestibility, 
vitamin content, and biological value. 

Vegetable protein feedstuffs include soybean oil meal, corn-gluten meal, 
cottonseed meal, and linseed meal. They are not so palatable or digestible, 
or of so high a biological value as the animal protein feedstuffs. Vegetable 
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Table 43 


RELATIVE EFFICIENCY OF PROTEIN FEED- 
STUFFS AS MEASURED BY NITROGEN 
RETENTION BY GROWING BIRDS ^ 


Protein Feedstuffs 

Relative Protein Efficiency 

Casein (standard control). . . . 

100 

Dried skim milk 

100 

White fish meal 

Vacuum dried 

104 

Steam dried 

104 

Flame dried 

94 

Sardine fish meal 

Domestic 

98 

Asiatic 

91 

Menhaden fish meal 

Steam dried 

91 

Flame dried 

80 

Soybean meal 

Expeller process 

89 

Hydraulic process 

85 

Meat scrap 

75% protein 

69 

60% protein 

75 

55% protein 

82 

50% protein. 

73 

45% protein 

72 

Whale meat meal 

70-75% protein. 

73 

55-60% protein 

S3 

Corn gluten meal. 

61 

Ground soybeans. 

58 


protein feedstuff s are low in mineral and vitamin G content. Cooking, in 
the process of removing oil, increases their feeding value. 

Milk. Milk is one of the most valuable poultry feedstuffs. It is recom- 
mended for use in nearly all poultry rations because of its high-quality 
proteins, good assortment of minerals, and vitamin content. Milk adds to 
palatability of poultry rations, is easily digested and assimilated, acts as an 
antidote for most toxins, and has a mild laxative effect. 

Whole mil\ is generally too expensive for feeding poultry. Skim milk 
or buttermilk is just as valuable and much cheaper. The vitamin A re- 


Wiigus, Norris, and Heuser, 1935. 
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moved with the cream from skim milk is supplied by other feedstuffs in 
poultry rations. 

Sweet and sour mil\ are of equal value for poultry. Sometimes it 
requires a few days for birds to become accustomed to the change from one 
form to the other. The lactic acid content of milk at the time of feeding 
has little influence on its value after consumption. Acids and alkalis in 
the digestive processes quickly change the characteristics of milk. 

S^im mil\ is whole milk from which the cream has been removed. It 
is available on farms where cream is sold. Skim milk may be used in place 
of water as a drink for poultry. The consumption will vary all the way 
from .5 to 6 gallons per day per hundred birds, depending on size of birds, 
temperature, the type of ration fed, and the rate of production. Milk that 
sours during the day and turns to a semisolid form (clabber) is still satis- 
factory for supplying the moisture needs of poultry. Giving chickens 
nothing but milk as a drink is equivalent to the use of about thirteen 
pounds of dried milk in each hundred pounds of feed. This practice will 
reduce the other feed consumption by about 13 per cent. It also will 
supply all of the protein feedstuff needed for the laying, breeding, or fat- 
tening ration. 

Liquid skim milk and buttermilk are generally cheaper than the con- 
densed and dried forms when compared on the basis of the same solid 
content, because the evaporation of water from milk is an expensive 
process. 

Buttermtl\ is the by-product remaining after the fat has been removed 
as butter from a mixture of cream and milk. It is more variable in com- 
position than skim milk because it may contain neutralizers and wash- 
water from the churn. During the summer months, cream may become 
too sour to churn properly. Neutralizers, chiefly calcium oxide and mag- 
nesium oxide, are added to the cream to reduce the acidity. These min- 
erals remain in the buttermilk. A. R. Winter has analyzed samples of 
dried buttermilk which varied in ash content from 8 to 14 per cent. Fig- 
ure 124 shows two groups of chicks fed the same ration and the same 
amounts of dried buttermilk. The two samples of milk came from dif- 
ferent plants and differed widely in ash content. Buttermilk and skim 
milk containing the same water and ash content have about the same 
feeding value. 

Condensed mil\, also known as semisolid, is milk in which part of the 
water has been removed. It exists in a semisolid or paste form. Con- 
densed milk varies greatly in moisture content. The products on the 
market generally contain 26 to 30 per cent solids, the remaining 70 to 74 
per cent being water. The solids in condensed milk have about the same 



nutritive value as those in liquid or dried milk. A gallon of liquid skim 
milk or buttermilk is equal to about 3 pounds of the semisolid, or .9 
pounds of the dried form in feeding value. Condensed milk is generally 
more expensive than the dried form when compared on the same solid 
basis, because of the greater amount of water that must be handled in 
transporting it. 

Dried mil{ contains about 35 per cent protein, 8 per cent ash, and 50 
per cent lactose, or milk sugar. Dried skim milk and dried buttermilk are 
both sold for animal feeding purposes. More skim milk than buttermilk 
is used- Some of the dried skim milk produced is used for human com 
sumption. Sweet cream buttermilk is preferable to the sour cream product 
because of its more uniform ash and higher vitamin G content (Table 3, 
Appendix). Dried skim milk is more constant in composition than dried 
buttermilk. The vitamin G content of both kinds of milk will vary 


Fig. 124. Influence of the quality of dried buttermilk on the growth of chicks. The two lots 
received the same ration but different brands of dried buttermilk. 
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within rather wide limits, depending upon the rations fed to the cows and 
the temperature used in drying the milk. Dried milk should be white or 
creamy white in appearance and free from brown or charred particles. 
The use of about 5 per cent dried milk in poultry rations will supply 
sufhcient milk proteins to supplement other proteins in the ration and to 
supply the needs for vitamin G. 

Meat scraps. Meat scraps are composed of the ground, dry-rendered 
residue from animal tissues exclusive of hoof, horn, manure, and stomach 
contents, except in such traces as might occur unavoidably in good factory 
practice. It varies widely in composition and feeding value, depending on 
the amount of bone, cracklings, glandular tissue, and meat present. The 
more bone present, the higher the mineral content and the lower the pro- 
tein content. The vitamin content is largely determined by the amount of 
glandular tissues present, such as livers and kidneys, and the temperature 
used in the process of preparation. Meat scraps are widely used in poultry 
rations to supply protein and minerals. The amount used is generally 
between 5 and 15 per cent. Milk and fish meal are sometimes used in 
place of all or a part of the meat scraps in poultry rations. 

Tankage. Tankage is a packing house by-product somewhat similar 
to meat scraps. It generally contains 60 per cent protein, while meat 
scraps generally contain 50 per cent. Tankage may be prepared by cook- 
ing under live steam or by the dry-rendering process. The latter process 
produces a product of higher nutritive value. “Stick,” or the cooking 
water residue, and blood meal are often added to raise the protein content 
to 60 per cent. Both of these products are of low biological value. There- 
fore, tankage may be of lower nutritive value than meat scraps. 

Fish meal. Fish meal is the clean, dried, ground tissue of undecom- 
posed whole fish or fish cuttings, either or both, with or without the 
extraction of part of the oil, and containing not more than 3 per cent salt. 
Fish meals vary in composition and feeding value. Those made from 
white fish are superior to those made from dark, inedible fish. Fish meals 
made at low temperatures are superior to those processed at high tempera- 
tures. Fish meals containing much of the viscera, as are obtainable from 
some fish canneries, are superior to meals made from whole fish. The 
average fish meal has about the same composition and feeding value as 
meat scraps. In coastal regions, fish meal is as cheap or cheaper than meat 
scraps. Inland it is more expensive. White fish meal made by a low 
temperature or vacuum process contains protein of high biological value 
and is a good source of vitamin G. It compares favorably with milk as 
an animal protein feedstuff. 
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Hatchery residue. Hatchery residue, also known as chicken tankage, 
consists of infertile eggs, dead embryos, cull chicks, and eggshells obtained 
in hatchery operation. Most of the material is a total loss at the present 
time. It may be processed like meat scraps. Chicken tankage is a satis- 
factory animal protein feedstuff for poultry. It may be used in the place 
of meat scraps in laying rations. 

Blood meal. Blood meal is a poor protein feedstuff for poultry. It is 
unpalatable and its protein is of low biological value. 

Soybean oil meal. Soybean oil meal is the most widely used of all the 
vegetable protein feedstuffs. It is prepared from soybeans by removing 
the oil and grinding the resulting presscake. Soybeans are unpalatable and 
unsatisfactory as a feedstuff. Soybean oil meal is palatable and a good 
protein feedstuff when supplemented with minerals and vitamin G. Soy- 
bean oil is used in industry. A ton of beans wall yield about 1600 pounds 
of soybean oil meal and 400 pounds of oil. The beans may be processed by 
the expeller, hydraulic, or solvent methods. In the expeller method, the 
crushed beans are subjected to great pressure in “expellers” to remove the 
oil. Some heat is generated in the process. In the hydraulic or old process, 
the beans are cooked and most of the oil pressed out in hydraulic presses. 
This method is the one generally used in processing cottonseed and flax- 
seed. In the solvent process, the ground beans are extracted with low- 
boiling-point gasoline. The solvent is later removed by treatment with 
steam, which also cooks the feed. Soybean oil meal made by this process 
contains about 44 per cent protein and 1 per cent fat, while that made by 
the hydraulic process contains about 41 per cent protein and 5 or 6 per 
cent fat. 

Soybean oil meal for poultry rations should have been thoroughly 
cooked while being processed. This is indicated by a pleasant nutlike taste 
and a light brownish or tan color. If the soybean oil meal has a raw 
'‘beany” taste, it has not been heated sufficiently. Soybean oil meal needs 
to be fed with some animal protein feedstuff for best results. It may 
constitute 75 per cent of the protein feedstuffs used in chick and breeding 
rations, and as much as 90 per cent of the protein feedstuffs used in rations 
for finishing pullets and turkeys, and for market egg production. When 
soybean meal replaces most of the meat scraps or fish meal in poultry 
rations, an additional quantity of minerals and vitamin G needs to be 
included in the ration. Milk is an ‘excellent feedstuff for feeding with 
soybean meal. It supplements the soybean protein, provides some of the 
needed minerals, and supplies vitamin G. A pound of mineral mixture 
(p. 323 j is generally added to the ration for each 5 or 6 pounds of soybean 
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oil meal used when animal protein feedstujffs constitute less than 50 per 
cent o£ the total protein feedstuffs used. 

Corn gluten meal. Corn gluten meal is that part ol shelled corn that 
remains after the separation of the larger part of the starch, the germ, and 
the bran, by the process employed in the manufacture of corn starch and 
glucose. It is a good protein feedstuff, but like other grain proteins is 
deficient in essential amino acids. Like soybean oil meal, it should be fed 
with animal protein feedstuffs and minerals. Corn gluten meal made 
from yellow corn contains about twice as much vitamin A as yellow corn. 

Cottonseed meal. Cottonseed meal is a cheap and satisfactory protein 
feedstuff for poultry rations in the cotton-producing states. It needs to be 
supplemented with animal protein, minerals, and vitamin G, as in the case 
of soybean meal (p. 319). The use of more than 5 or 6 per cent cottonseed 
meal in laying rations results in the production of eggs which develop 
green and brown spots on the yolks, when the eggs are held more than 
a few weeks in storage. 

Distillers’ dried grains. Distillers’ dried grains are of variable composi- 
tion because of the variation in grain mixtures used by different distilleries. 
The protein content varies from 15 to 30 per cent, and the fiber from 10 
to 15 per cent. This feedstuff is little used in poultry rations. 

Linseed oil meal. Linseed oil meal is made from flaxseed. The pro- 
duction in the United States is small. Linseed oil meal is not so palatable 
as soybean oil meal or corn gluten meal. There is no advantage in includ- 
ing it in poultry rations when the more palatable protein feedstuffs are 
available. 

Peanut oil meal. Peanut oil meal is a good vegetable protein feedstuff. 
The quantity produced is small. It may be used economically in poultry 
rations in the few southern states where peanuts are produced. 

Mineral Feedstuffs 

Growing birds need minerals for growth of skeleton and the laying hens 
need minerals for the formation of the egg yolks and eggshells. Most of 
the feedstuffs used in poultry rations are low in mineral content. This is 
true of the grains and vegetable protein feedstuffs. Animal protein feed- 
stuffs are good sources of minerals. When little or no animal protein feed- 
stuffs are included in poultry rations, additional minerals need to be added. 
Calcium, phosphorus, manganese, sodium, and chlorine are the mineral 
elements most likely to be deficient in feedstuffs comprising poultry 
rations. The laying hen has an exceptionally high requirement for cal- 
cium for making eggshells. 
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Bone meal. Bone meal consists mainly of calcium phosphate (Ca 3 P 04 ) 2 * 
It varies in composition, depending on method of manufacture. 

Poultry bone meal, sometimes called raw bone meal or steamed bone 
meal, consists of bones which have been thoroughly cooked, dried, and 
ground. This product contains 20 to 25 per cent protein. Special steamed 
bone meal is a by-product of gelatin or glue manufacture. It is cheaper 
than poultry or steamed bone meal and is as satisfactory as a mineral feed- 
stuff. It contains more calcium and phosphorus and much less protein 
than poultry bone meal. Fertilizer bone meal is unpalatable, has a dis- 
agreeable odor, and is unsuitable for a poultry feedstuff. 

Bone meal is added to poultry starting and growing rations which con- 
tain less than about 10 per cent animal protein feedstuffs. It is an im- 
portant ingredient of mineral mixtures (p. 323). 

Limestone. Limestone consists mainly of calcium carbonate (CaCOs). 
Good grades of limestone for poultry feeding purposes contain 95 per cent 
or more calcium carbonate and a low percentage of magnesium. The 
presence of magnesium appears to be antagonistic to calcium assimilation. 
Ground limestone is sometimes added to mash feed to balance the calcium 
deficiency of the grains. The amount used is usually about 2 per cent. 
This will make a satisfactory ratio of calcium to phosphorus (p. 293). 
Limestone is one of the principal ingredients of mineral mixtures (p. 323), 

Limestone grit is often used as a substitute for or in addition to oyster 
shells for laying hens. It is not quite so palatable as oyster shells and 
generally does not give quite so satisfactory an egg production. Bright, 
shiny limestone grit is eaten more readily than dull gray dolomitic lime- 
stone grit. Many poultrymen keep both oyster shells and limestone grit 
before the laying hens in separate shell hoppers. It is better to allow laying 
hens free access to these sources of calcium than to incorporate ail that is 
needed in the mash feed. A hen that lays 250 eggs in a year will need 
much more than one that lays 125 eggs. If enough calcium is added to 
meet the needs of high-producing birds, much of it will have to be ex- 
creted by low-producing birds. 

Oyster shells. Oyster shells contain 96 per cent or more calcium carbon- 
ate. They are used extensively as a source of cakiutti for eggshell forma- 
tion. Crushed hen-size oyster shell grit is usually kept before the laying 
hens in separate shell hoppers. A hen will eat two to four pounds of 
oyster shell or limestone grit in a year, depending on the number of eggs 
produced and the amount of calcium in the mash feed. When given free 
access to oyster shell and limestone grit, the hens consume much more 
oyster shell than limestone. Apparently the small amount of muscle ad- 
hering to the oyster shell adds to its palatability. Ground oyster shells are 
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sometimes added to the mash feed and used in mineral mixtures in place 
of limestone. 

Clam shells may be used as a substitute for oyster shells, although they 
are not quite so satisfactory. 

Defluorinated rock phosphate. Rock phosphate that has been ground 
and heated to remove most of the fluorine may be used as a substitute for 
bone meal in poultry rations. Untreated raw rock phosphate is objection- 
able as a mineral feedstuff because it contains fluorine, which interferes 
with normal mineral assimilations. 

Phosphatic limestone is a natural mineral consisting of a mixture of 
limestone and rock phosphate in which the former predominates. It may 
be substituted for mixtures of limestone and bone meal in mash feeds and 
mineral mixtures. It is a fair substitute for oyster shells for eggshell forma- 
tion. 

Salt Salt, or sodium chloride (NaCl), is needed in poultry rations for 
palatability and digestion. It is deficient in plant feedstuffs, such as grains 
and vegetable protein feedstuffs. Meat scraps and milk contain salt be- 
cause the mineral is fed to animals from which they are obtained. Fish 
meal is also a good source. Salt is generally added to poultry rations at 
the rate of 54 to 1 per cent 

Kelp. Kelp is a giant seaweed obtained from the seacoast of southern 
California. It contains about 30 per cent ash. This ash is composed 
largely of sodium chloride and a wide variety of other sea minerals. Kelp 
is incorporated with fish meal and sold under the trade name of Manamar, 

Manganese. It has recently been shown that manganese is an essential 
mineral element for bone formation and hatchability. Only about fifty 
parts per million are needed in the ration. It may be supplied by the 
proper selection of feedstuffs (Table 2, Appendix). Manganese may be 
added to mash feeds or mineral mixtures in the form of manganese 
sulphate. 

Iron. Only a very small amount of iron is needed in poultry rations. It 
is supplied by a number of feedstuffs used in poultry rations, such as meat 
scraps, fish meal, alfalfa, and grass. A small amount of iron is usually 
added to mineral mixtures in the form of iron oxide, chloride, or sulphate 
(p.323). 

Iodine. A very small quantity of iodine is needed in poultry rations. 
Ample amounts are provided by the use of marine products, such as fishi 
meal, oyster shells, or fish oil. Iodized salt is sometimes used in poultry 
rations. Iodine is generally added to mineral mixtures in the form of 
potassium iodide (KI) . 



Fig. 125. Colony houses on grass range. All the vitomin requirements are taken care of 
when birds have a good green, young, and tender grass range. (Ohio Extension Bulletin 126.) 

Mineral mixtures. Mineral additions are necessary in rations that con- 
tain little or no animal protein feedstuffs. It is often desirable to mix the 
minerals together and incorporate the mixture in the mash feed. It is 
difficult or impossible to mix thoroughly a minute quantity of a mineral 
in a big pile of feed. 

Two simple yet satisfactory mineral mixtures are listed below: 

No. 1 — Bone meal, 40; limestone, 40; and salt, 20 per cent. 

No, 2— Bone meal, 26.97; limestone, 50; salt, 20; ferrous sulphate, 2; potassium 
iodide, .02; copper sulphate, .01; and manganese sulphate, 1 per cent. 

Vitamin Feedstuffs 

Many of the feedstuffs used in poultry rations are good sources of more 
than one group of nutrients. In this chapter the feedstuffs have been classi- 
fied according to the primary purpose for which they are fed. Some of 
the following feedstuffs classed as vitamin feedstuffs are also good sources 
of proteins and minerals. 

Green grass. Young, tender, green grass supplies all of the vitamins 
needed by chickens except vitamin D (Fig. 125). When the birds are on 
range they will secure this vitamin from sunlight. Grass also supplies 
protein, minerals, and carbohydrates needed by poultry. Less expensive 
feed and a smaller amount are needed by poultry when they arc kept on 
young, tender, green grass range (Table 44), Unfortunately, suitable 
range is generally available only during the spring and early summer 
months. As the season advances and the grass becomes older, the protein, 
mineral, and vitamin content declines rapidly and the fiber content in- 
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Table 44 


INFLU-ENCE OF RANGE VS. CONFINEMENT 
ON POULTRY PRODUCTION ^ 


Observations made 

Confinement 
(Bare Lot) 

Range 

(Grass) 

Growth of Barred Rocks to 28 weeks 

Av. weight (pounds) 

5.2 

5.5 

Pounds feed per pound gain 

6.1 

5.7 

Per cent mash of total feed 

72.9 

66.3 

Mortality (per cent) 

13.0 

6.4 

Per cent of pullets culled 

29.9 

5.8 


Layers {Bata for I or 2 years) 

Egg production (per cent) 

30.4 

41.1 

Feed per dozen eggs (pounds) 

9.5 

7.9 

Mortality (per cent) 

26.3 

29.3 

Hatchability (per cent) 

50.1 

77.7 



creases. By pasturing the range closely or by making frequent cuttings of 
the grass, and by irrigation, it is possible to maintain suitable pasture for 
poultry. Alfalfa range may be used to supply green feed throughout the 
summer and fall. 

Layers given green grass range produce eggs of lower market quality 
than birds kept in confinement. The yolks have a darker yellow color 
and the whites are more watery. While such eggs are of lower value from 
the standpoint of market grade, they are of greater food value because of 
the higher vitamin A, D, and G content. 

Alfalfa. Alfalfa meal or hay is used as a substitute for green grass for 
birds kept in confinement and during the winter months. It is fed pri- 
marily to supply vitamins A and G, but it also supplies other vitamins, pro- 
teins, and minerals. 

Alfalfa hay may be fed on the litter or cut in about two-inch lengths and 
fed in racks or feeders (Fig. 126). Shatterings from the haymow may be 
fed in a similar manner. The leaves contain most of the nutrients found 
in the hay. The birds are able to pick out the leaves and leave die un- 
palatable stems and blossoms. The stems may be emptied out and used 
for litter. 


^ Tenn. Sta. Bui. 185, 1943, and 188, 1944. 
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Fig. 126. Feeding chopped alfalfa hay in wire baskets. 

Clover and soybean hay may be used as substitutes for alfalfa hay (Table 
52). They do not make satisfactory meals because of the large amount of 
stems. Soybean hay leaves are even more palatable than alfalfa leaves. 
Third cutting alfalfa hay is more satisfactory for poultry than first or 
second cutting because it is more leafy and freer from stems, other grasses, 
and weeds. A hundred hens will eat about two pounds of alfalfa hay 
daily when kept in confinement. 

Dehydrated alfalfa hay has higher nutritive value than sun-cured hay. 
The carotene (provitamin A) content is two to ten times as great and the 
vitamin G content may be double that of the sun-cured product.^ The 
alfalfa is cut and brought directly from the field to the dryer. It is run 
through a cutter, passed through a dryer, separated into fine and coarse 
material, ground in a hammer mill, and sacked. The time required for 
the green hay to be changed into alfalfa meal is three to ten minutes. If 
hay is rained on during the drying process, some of the protein and 
minerals and much of the vitamin G are washed out. Therefore, the use 
of dehydrated alfalfa meal insures the presence of a normal vitamin G 
content. 

Alfalfa meal. Alfalfa meal is ground alfalfa hay. It varies widely in 
protein, fiber, and vitamin content, depending upon the time of cutting, 
soil upon which it is grown, and method of curing. Alfalfa meals ysxy all 
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the way from about 13 per cent protein and 35 per cent fiber to 17 per 
cent protein and 26 per cent fiber. Alfalfa meals containing more than 17 
per cent protein are generally classed as leaf meals, and those with less 
than 13 per cent as stem meals. The higher the protein content and the 
lower the fiber content of an alfalfa meal, other things being equal, the 
more satisfactory it is as an ingredient of poultry mash feeds. 

It is dijEcult to judge the vitamin A and G content of an alfalfa meal 
by its protein content and appearance. A high-protein meal having a good 
green color and alfalfa fragrance is more likely to have a good vitamin 
content than a low-protein meal with a pale green color. 

Alfalfa leaf meal. Alfalfa leaf meal is the ground product consisting 
chiefly of leafy materials separated from alfalfa hay or meal. It must be 
reasonably free from other crop plants and weeds and must contain not 
more than 18 per cent crude fiber. It contains about 20 per cent more 
minerals than alfalfa meal and more than twice as much vitamins A and 
G. Both sun-cured and dehydrated alfalfa leaf meals are available on the 
market. The dehydrated product is preferable because of its greater vita- 
min A content, and possibly greater vitamin G content. Alfalfa leaf meal 
is preferable to alfalfa meal in poultry mashes, especially those of high pro- 
tein content. The amount used varies from about 3 to 5 per cent in mash 
feeds of around 16 per cent protein to 10 to 12 per cent in those containing 
24 to 32 per cent protein. The quality of alfalfa leaf meal is judged in the 
same manner as alfalfa meal. 

Silage. Grass, legume, and cereal grass silage production is increasing. 
These products retain their original vitamin content better than sun-cured 
and even better than the dehydrated products. They are palatable and 
serve as excellent substitutes for green grass range during the late summer, 
fall, and winter months. Silage-fed birds produce eggs that are quite 
similar to those produced by birds on range. Naturally the more leafy the 
silage, the better it is for poultry. A hundred layers may be fed about three 
pounds of silage per day to take the place of green grass range or as a 
substitute for alfalfa meal in the ration. 

Fish oils. The principal fish oils used as sources of vitamins for poultry 
are cod, sardine, pilchard, salmon, tuna, menhaden, and herring. They 
are used as sources of vitamins A and D. The vitamin content varies 
within wide limits, depending on the kind of fish, the time of year they 
are caught, and the method used in removing the oil (Table 45). Much 
of the oil sold to the poultry trade is a blend of two or more oils and an 
oil concentrate to produce a given vitamin potency. A satisfactory oil for 
poultry feeding purposes should contain not less than 600 U.S.P. units of 
vitamin A, and 85 A.O.A.C. units of vitamin D per gram (p. 271). To 
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Table 45 

RELATIVE EFFICIENCY OF FISH OILS AND STEROLS 
WHEN COMPARED ON THE SAME RATE UNIT BASIS AS 
A SOURCE OF VITAMIN D FOR CHICKS ^ 

Relative Efficiency Compared 

Source of Oil with Cod Li\'er Oil 

Cod liver oil (control) 100 

Halibut 86 

Tuna, blue fin (Calif.) 16 

Tuna (New England) 81 

Tuna (Oriental) 65 

Albacore. 61 

California bonito 28 

California mackerel 120 

Swordfish ISl 

Black sea bass 109 

White sea bass. 314 

Sable fish. 162 

Basking shark 162 

Dogfish 230 

Sardine 109 

Irradiated ergosterol 3 

Irradiated cholesterol 103 

calculate potency per pound, multiply the units per gram by 454. Fortified 
oils are generally about four times as potent as unfortified oils. 

Fish oils are necessary in poultry rations only when birds are kept in 
confinement and in breeding rations during the winter months. The 
amount of oil used in poultry rations varies from about .25 to 2 per cent, 
depending on the system of feeding, the purpose of feeding, and the type 
of oil (Table 46). Fortified oils are preferable to unfortified oils for use 
in high protein mash feeds (24 per cent and above). It is desirable to 
eliminate fish oils from chicken rations during the last two weeks, and 
from turkey rations during the last four weeks before the birds are sold 
for poultry meat. 

Green grass, alfalfa meal, yellow corn, and corn gluten meal may be 
used to supply sources of vitamin A in the place of fish oils. Sunshine, 
ultraviolet lights, and irradiated yeast may be used as substitutes for fish 
oils to supply vitamin D. 

Fish oils should be purchased on the basis of vitamin content and not on 
the price per pound or per gallont Reliable companies guarantee the vita- 
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Table 46 


QUANTITIES OF FISH OILS OF VARIOUS VITAMIN D POTENCIES REQUIRED IN 
GROWING AND LAYING RATIONS ® 


V’itamin D Potency of Oil. 
U.S.P, Units per Gram of Oil 

1 No. of A.O.A.C. Units 

Required in 100 Lbs. of Mash 

Approximate Per Cent of Oil 

To Be Added to the Mash 

When an all-mash ration is fed to growing chickens in confinement: 

85 

17,700 

0.46 or 3^ 

310 

17,700 

0.13 or l/s 

400 

17,700 

0.10or}fo 

When a grain and mash ration {equal parts) is fed to growing chicks or an all-mash ration is 

fed to growing turkeys or laying hens m co7ifinement: 

85 

35,400 

0.92 or 1 

310 

35,400 

0.2S or 14 

400 

35,400 

0.19 or 


When a grain and mash ration {equal parts) is Jed to laying and breeding kens or growing 

turkeys in confinement: 


85 ! 

70,800 

1.83 or 2 

310 

70,800 

0.50 or Vz 

400 

70,800 

0.39 or % 


When a 26 to 32 per cent protein mash feed is fed free choice with grains {2 to 3 parts grain and 
1 part mash) to growing turkeys or breeding stock in confinement: 


310 

141,600 

1.00 

400 

141,600 

0.78 or 4^ 


min content of their oils. The potency of the oils is given on the con- 
tainers. 

D-activated animal sterol. This is a product with strong vitamin D 
properties obtained by activation of a sterol fraction of animal origin with 
ultraviolet light or other means. It may be used to increase the vitamin 
D potency of oils or may be mixed with flour or some other feedstuff as 
a carrier and sold as a dry form of vitamin D. 

Whey. Dried whey, a by-product of the manufacture of cheese, is a 
good source of vitamin G. It contains about 1.5 times the amount found 
in milk. It may be used as a substitute for dried milk in poultry rations, 
using two-thirds as much whey as milk and making up the difference with 
soybean oil meal or some other protein feedstuff. The vitamin G content 
of whey is further concentrated in some products by removing the lactose 


®Data condensed from Pa. Sta, Bui, 334, and other sources. 
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and some o£ the minerals. The concentrated product is mixed with soy- 
bean meal and other products and sold as a vitamin concentrate under 
various trade names. 

Liver meal. Pork liver is an excellent source of vitamin G and other 
vitamins of the B-G complex. Liver meal from other sources is of lower 
vitamin potency. The method of production of liver meal also affects its 
vitamin potency. There is a very limited amount of high-quality liver 
meal available for use in poultry rations. 

Yeast. Yeast is an excellent source of vitamins Bi and G, and irradiated 
yeast is also a good source of vitamin D. It is usually more economical to 
supply the vitamin needs of poultry by the proper selection of feedstuffs 
for the ration than to add yeast. The vitamin content of yeast varies 
within wide limits, depending on the kind of yeast, the method of pro- 
duction, and the purity of the product. 

Distillers’ Solubles. Distillers’ solubles and distillers’ grains wdth 
solubles are good sources of riboflavin and other B-complex vitamins. 
They also contain 25 per cent or more protein, some minerals, and other 
nutrients. They may be used to replace milk products, liver meal, alfalfa, 
or yeast as a source of riboflavin and other B-complex vitamins. Distillery 
by-products may be fed in amounts up to 10 per cent of the ration. 

Miscellaneous Feedstuffs 

There are some substances used in poultry rations that are either hard to 
classify or are of questionable nutritive value. These include succulent 
feeds, grit, charcoal, and tonics. Things having an influence on the vita- 
min D needs of poultry rations include sunlight, glass substitutes, and 
ultraviolet light. 

Succulent feeds. Succulent feeds are palatable but are high in water 
content and low in nutritive value. Laying hens should be limited to 
about two to four pounds of succulent feed per hundred birds daily. The 
use of larger amounts may result in the production of poor-quality eggs 
with watery whites. 

Yellow carrots are a good source of vitamin A. The yellow color of 
carrots is due to carotene (provitamin A). It does not influence shank, 
fat, or egg yolk color. 

Kale is widdy used as a succulent feed in the Pacific Coast states. While 
it belongs to the cabbage group of plants, it forms no head and all its 
leaves are green. Kale is a good source of vitamins A, Bi, and E. 

is a good source of vitamin A. It should be fed while still 
retaining its crispness, as badly wilted lettuce may cause harmful results. 
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LMidjn dippings are an excellent source of all the known vitamins except 
vitamin D. If the lawn is irrigated, fertilized, and mowed, frequently, the 
yield of clippings will equal or exceed that of other green feeds and at the 
same time furnish more vitamins. 

Rape is a good source of vitamin A, but not so palatable to poultry as 
kale. If it is cut below the crown, it may be harvested several times during 
the summer. 

Sprouted grains are sometimes used to supply green feed during the 
winter months. Sprouting grains does not increase their nutritive value. 
Alfalfa meal has largely replaced sprouted grains in poultry rations in 
recent years. 

Beets, mangel worzels, and other closely related vegetables have been 
grown for feeding poultry during the winter months. They are low in 
food value and of little importance in the ration. 

Cabbage is sometimes fed to poultry during the winter months. It sup- 
plies vitamin Bi, and the outer leaves are a source of vitamin A. Cabbage, 
like beets, contains much water and only a small amount of nutrients. 
These are supplied in adequate amounts by other feedstuffs in the ration. 

Grit. The term “grit’’ is usually intended to refer to hard, insoluble - 
minerals, such as mica. Limestone and oyster shells are also referred to as 
grit. There are those who hold that hard, insoluble grit is necessary or 
desirable for aiding the gizzard in grinding feed. Others believe that 
hard grit is unnecessary in the ration of poultry, maintaining that oyster 
shell and limestone grit will serve for grinding purposes and at the same 
time provide needed calcium. It is the opinion of the authors that hard, 
insoluble grit is not necessary in poultry rations. There is no objection to 
putting out mica or other hard, insoluble grit along with limestone or 
oyster shell grit in separate containers. Birds should not be forced to eat 
grit by placing it on top of the feed. A sack of hard, insoluble grit will 
last a flock of birds a long time if limestone and oyster shells are kept 
available. 

Charcoal. Charcoal has very little more value than sawdust There is 
no conclusive experimental evidence for justifying its use in poultry rations. 

Tonics. Poultry tonics are of questionable value. They are supposed to 
stimulate appetite and by increased feed consumption result in better 
growth, production, or hatchability. Some of the tonics sold on the 
market are unpalatable and do more harm than good. Many of them are 
based on theory and their value has not been proven by carefully con- 
trolled feeding tests with poultry. In most cases at least, a good ration is 
the best tonic and milk is the best ingredient. 

Sunlight. Sunlight supplies the vitamin D factor needed by poultry by 
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its effect on cholesterol in the skin o£ the bird. Exposure of the skin to 
ultraviolet rays of sunlight gives its cholesterol vitamin D properties. 
Summer sunlight is more powerful than winter sunlight. The chicken re- 
ceives the beneficial rays of sunlight through the skin of the face and 
comb. Feathers shut out the ultraviolet rays. The amount of exposure to 
sunlight needed will depend on the kind of poultry, the purpose for which 
they are kept, the season of the year, the ration fed, and the locality in 
which the birds are kept. The amount of sunlight needed daily will vary 
from about five minutes to about five hours. Breeding hens will need 
more sunlight than chicks. Clouds, smoke, and fog shut out some of the 
ultraviolet rays of sunlight and reduce its efficiency. 

Glass substitutes. Glass substitutes are available which will permit the 
passage of some ultraviolet rays of sunlight, which ordinary window glass 
shuts out. The amount of ultraviolet light which will pass through the 
glass substitutes is influenced by the mesh or porosity of the materials. 
Products with a wire base, resembling fly screen, will permit the passage 
of more beneficial rays than products having a fine mesh, such as cloth 
materials. The products are not very durable. They collect dust easily, 
and this inhibits the passage of ultraviolet light. Furthermore, the win- 
dow space and arrangement are generally inadequate for the entrance of 
sufficient sunlight to supply all of the vitamin D needs of birds kept in 
confinement. 

Ultraviolet light Ultraviolet lights are available which produce bio- 
logically effective ultraviolet light. The efficiency of these lights will de- 
pend on construction, size, distance from birds, and length of time they 
are used. Ultraviolet lights have not been very practical for poultry raisers 
to date. The original cost is high, the life of the light is relatively short, 
and the current consumption is usually high. The lights must be burned 
several hours during the day if hung over the feeders and waterers. This 
is necessary to make sure that all the birds have come under the lights to 
eat and drink and have been there long enough to absorb a sufficient 
quantity of the ultraviolet rays. 

Electric light bulbs are available on the market which transmit some 
ultraviolet light. They may be used in battery brooders to supply light, 
heat, and ultraviolet light. The chicks are close to the lights at all times 
in the brooding compartments of the battery brooders. 

Formxjlatiho Rations 

When the nutritive requirements of poultry and the nutritive value of 
feedstuffs are known, it is a comparatively simple task to formulate poultry 
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rations. Since there are a great many poultry feedstufJs, an unlimited 
number of satisfactory rations may be formulated. In choosing a ration 
for a given purpose, one needs to keep in mind the nutritive requirements, 
the available feedstuffs, their supplementary value when fed in combina- 
tions, the price, and the system of feeding to be used. Nearly every feeder 
has a different set of conditions. A suitable and economical ration for one 
farmer may not be the most economical for his neighbor. The feedstuffs 
available on the farm or in the community are important in determining 
the ration and system of feeding that should be used on any given farm. 

Price and availability of ingredients. The price and availability of in- 
gredients will have a marked influence on the choice of feedstuffs. 

The carbohydrate feedstuffs are abundant and cheap. The price is gen- 
erally lowest about harvest time and increases slightly during the year. 
In the corn belt, more corn is used than any of the other cereals in poultry 
rations. In the northwest, wheat and its by-products are plentiful and are 
used in larger amounts than in other parts of the country. In the south- 
west, the sorghum grains grow well and are used to replace part of the 
cereal grains generally used in poultry rations. In some of the northern 
states barley is used in place of most of the corn because it grows well and 
because the season is too short for corn. These and other available facts 
illustrate that the carbohydrate feedstuffs may be varied within wide 
limits, depending on price and availability. 

The protein feedstuffs, especially the animal protein feedstuffs, are ex- 
pensive. Dried milk is the most expensive of the group. Soybean oil 
meal is the cheapest. There is a supplementary effect among the animal 
and vegetable protein feedstuffs. The economical procedure is to use as 
much vegetable protein feedstuffs and as little animal protein feedstuffs 
as possible without lowering the value of the ration. There is often a 
tendency to feed too little protein and too much grain because of difference 
in price and availability. 

The mineral feedstuffs are cheap and readily available. The fowl can 
use only a limited amount of minerals. There is often a tendency to use 
too much minerals, especially limestone, in poultry rations because they 
are cheap. 

The vitamin feedstuffs are generally expensive. Fortunately only small 
amounts are used. Fish oil, milk, and dehydrated alfalfa leaf meal are 
the chief products used. They are used in rations for confined birds to 
take the place of green grass range and sunlight. Rations may be cheap- 
ened by providing birds with green grass range and replacing the oil and 
alfalfa by one of the cereal grains and part of the milk by one of the 
cheaper protein feedstuffs. 
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Selection and balance of ingredients. The number of ingredients used 
in a ration is not a true measure of the value of the ration. Simple rations, 
consisting of six or eight ingredients, are often as valuable or even more 
so than complex rations consisting of a dozen or more ingredients. It is 
true that variety adds to palatability and increases the chances of making 
good the deficiencies found in certain feedstoffs, provided the materials 
chosen are palatable and have a supplementary effect. For instance, a 
grain mixture of corn, wheat, and oats is not improved by adding barley, 
buckwheat, and rye to it. These latter grains are not so palatable and do 
not supply anything not supplied by corn, wheat, and oats. 

The carbohydrate feedstuffs generally constitute 75 to 90 per cent of the 
poultry ration. It is advisable to use at least three cereal grains and by- 
products (p. 306) in the ration. Corn, oats, and wheat or wheat by- 
products are the ones generally used. 

The protein feedstuffs generally constitute from 10 to 20 per cent of the 
ration, depending on the age of the bird. Meat scraps or fish meal, milk, 
and soybean oil meal are the ones most generally used. The animal pro- 
tein feedstuffs (p. 314) should constitute about 25 per cent of the total 
protein feedstuffs fed. 

The mineral feedstuffs are supplied by the use of animal protein feed- 
stuffs, such as meat scraps and milk. Salt is generally added to the ration 
at a .5 to 1 per cent level. Oyster shells are kept available for laying birds. 
A simple mineral mixture (p. 323) is generally added at the rate of a 
pound for every five or six pounds of vegetable protein used. 

Vitamin feedstuffs are fed to birds in confinement to supply vitamins 
obtained by birds on green grass range. Alfalfa and milk or distillers’ 
solubles are used at about 5 per cent levels to supply the vitamins A, B, 
E, G and the less well known ones found in grass. Fish oil is generally 
fed at the rate of .5 to 1 per cent level as a substitute for sunshine. 

Methods of Feeding 

Having selected the feedstuffs and amounts to be used, there are several 
satisfactory ways of feeding them. These include free choice of ingredi- 
ents, free choice of mash concentrate and grains, mash and limited grains, 
and all-mash. 

Free choice of ingredients. Feedstuffs commonly used in mixed poultry 
rations may be fed free choice to poultry. This system permits birds to 
balance their ration according to individual needs, eliminates mixing, and 
results in a cheaper ration. The chief disadvantage is the extra labor in 
feeding the separate ingredients. 
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Chickens, like people, differ in individual nutritive requirements. The 
needs vary with the rate of growth and egg production. It is wasteful to 
feed a hen a ration that is suitable for a bird that will lay 250 eggs in a year 
when the bird will only lay 100 eggs. The shell requirements have long 
been taken care of by permitting birds free access to shells in hoppers. 

Table 47 

SELECTION OF FEEDSTUFFS BY CHICKS WHEN GIVEN FREE CHOICE ^ 


Percentage Consumed, First Five Weeks 


Ingredients 

1st 

2nd 

3rd 

4th 

5th 

Ground corn 

13.31 

16.16 

16.39 

15.24 

23.22 

Corn feed 

6.5 

8.15 

12.07 

7.09 

7.18 

Hominy 

13.1 

11.6 

7.80 

12.20 

13.97 

Gluten feed 

0 

0 

0 

0 

0.28 

Rolled wheat 

3.68 

4.19 

9.41 

14.64 

11.17 

Ground wheat 

8.5 

8.41 

' 2.69 

3.61 

4.92 

Wheat germ 

0 

0 

4.92 

8.92 

9.49 

Bran. . 

0.9 

4.01 

2.49 

1.05 

1.01 

Shorts 

4.2 

3.81 

0.62 

0.69 

0.04 

Crushed oats 

10.0 

6.5 

17.26 

7.06 

6.16 

Ground oats 

0 

0 

0.32 

0 

0.05 

Breakfast oat meal 

2.2 

4.04 

2.42 

2.41 

2.08 

Pinhead oat meal 

1.7 

.98 

2.22 

0.66 

0 

Rolled groats 

2.26 

2.39 < 

0 

0 i 

3.56 

Banner oat feed, 

0 

0 

0 

0 i 

Trace 

Oat dust 

0 

0 

0 

0 

Trace 

Rolled barley, 

0.87 

3.11 

0.81 

1.37 

0.38 

Ground barley 

0.78 

1.21 

0.33 

0.59 

0.08 

Pea meal 

2.16 

1.97 

0.99 

1.03 

0.99 

Soybean oil meal 

0 

0 

0 

0 

0.66 

Ground rice 

0.56 

0.45 

0.41 

7.98 

0.07 

Liquid milk 

0 

0 

0 

0 

0.87 

Semisolid milk 

7.66 

4.41 

! 7.89 

5.26 . 

0 

Skim milk, powder 

1.73 

1.36 

0.38 

0.70 

1.50 

Buttermilk, powder 

1.6 

2.3 

0.15 

0.37 

0.44 

Beef scrap 

3.3 

3.74 

5.58 

4.77 

3.13 

Cod liver meal. 

0.7 

0.65 

0.15 

0,18 

0.08 

Fish meal 

0.7 

1.64 

0.89 

1.06 

1.45 

Oyster shell 

0.91 

0.58 

0.47 

0.30 

0.22 

Granite grit 

1.00 

0.13 

0.47 

0.35 

0.12 

Bone meal ..... 

0.61 

0.20 

0.14 

0.24 

0.01 

Chick starter 

10.40 

8.15 

3.85 

1.80 

6.63 

Alfalfa' meal 

0.37 

0.14 

0.11 

0.17 

0.02 

Salt. 

0 

0 

0.05 

0 

0.05 

Cod liver oil (pints per 






100 lbs, feed) ........ . 

2,25 

2.1 

■ .25 

.25 

.04 


Graham, 1932, 
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The protein and vitamin needs vary in much the same manner as the 
mineral needs. 

Chicks given free access to many feedstuffs will balance their ration ac- 
cording to individual needs (Table 47) . The same is true of laying hens. 
Excellent production has been obtained with birds receiving grains and 
milk to drink or free access to feedstuffs (Table 48). 

Table 48 


A COMPARISON OF THE ALL-MASH AND FREE CHOICE SYSTEMS OF FEEDING 
FOR PULLET EGG PRODUCTION ® 


Eggs AND Feeds 

100 Leghorn Pullets 
(46 weeks) 

46 Red Pullets 
(34 weeks) 

All-Mash ' 

Free Choice 

All-Mash 

Free Choice 

Eggs per bird 

131 

139 

112 

105 

Feed per bird (lbs.) * . . . . 

60 

61 

59 

56 

Corn (per cent) 

52 

19 

52.5 

27.4 

Wheat 

0 

60 

0.0 

39.1 

Bran i 

5 

0 

5.0 

0.0 

Middlings 

20 

0 

20.0 

0.0 

Oats 

10 

9 

10.0 

23.1 

Meat scraps 

10 

7 

8.0 

6.4 

Dried milk 

2 

i 5 

4.0 

4.0 

Salt 

1 

1 

0 

.5 

0.0 


* Birds were confined to small yards and fed chopped alfalfa hay and oyster shells ad libitum. 


The free choice system of feeding is suitable for general farmers who 
raise grain, sell cream, and have range for the flock. 

Free choice of mash concentrate and grains. Mash protein concentrates 
varying from about 24 to 32 per cent protein content are available for 
feeding free choice with grains or for mixing with grains to make a mash 
feed to be fed with limited grains or to be used as an all-mash feed. If 
the mash feed is palatable, it gives very good results when fed free choice 
with grains (Table 49). The birds have an opportunity to balance the 
protein, and, to a certain extent, their vitamin needs in accordance with 
the rate of production. Birds in high production and pullet layers will 
eat more mash and less grain than old hens or birds in low production. 

The free choice of mash concentrate and grain system of feeding elimi- 
nates the grinding and mixing of about 75 per cent of the ration. The 
mash may be used as an all-mash turkey starter or mixed with about an 
equal amount of corn meal to make an all-mash chick starting and grow- 
ing ration. This mash may serve as an all-purpose poultry mash feed. 

The free choice of mash concentrate and grain system of feeding is 

^ Ohio State University, unpublished data. 
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Table 49 

THE INFLUENCE OF METHODS OF FEEDING ON EGG PRODUCTION, POUNDS 
OF FEED AND FEED COST PER DOZEN EGGS ® 


Method of Feeding 

Eggs per Bird 

Pounds of Feed 
per Dozen Eggs 

Feed Cost per 
Dozen Eggs (Cents) 

All-mash 

Mash and limited grain in 

118 

6.3 

11.5 

litter 

Mash and limited grain in 

113 

1 

9.4 

hoppers 

Mash, pellets at noon, and 

136 

! 5.3 

9.2 

limited grain in the litter. . 
Mash concentrate and 

141 

5.4 

9.5 

grains free choice 

ISO 

4.9 

8.6 


increasing rapidly in popularity. It permits the birds to balance their own 
ration and therefore simplifies the poultry feeding problems. It is eco- 
nomical and adaptable to the feeding of all kinds of poultry. 

Mash and limited grains. One of the most widely used systems of feed- 
ing layers during the past several years has been the feeding of about an 18 
per cent protein mash feed and limited grain. The mash feed is kept 
before the birds all the time and about an equal amount of grain is fed. 
The birds are given about as much grain as they will clean up, late in 
the afternoon. The grain mixture generally consists of corn, wheat, and 
oats. 

The mash feed may be used as an all-mash chick starter. As the birds 
reach maturity, grain is fed to reduce the protein level and make a suit- 
able laying ration. 

The mash and limited grain ration requires the grinding and mixing 
of about 50 per cent of the ration. It requires a good knowledge of poul- 
try feeding. Otherwise, the feeder may feed too much grain for satisfac- 
tory growth or egg production. 

All-mash. In the all-mash system of feeding, all of the feedstufis eaten 
are ground, mixed, and fed as a single mixture. The ration is based on 
the requirements of the birds that need the most nutrients. There is no 
chance for the birds to vary their diet according to likes or needs. This 
system of feeding requires the grinding and mixing of all the ration. 
Ground feeds are not so palatable and do not retain their nutritive value 
so well as unground feeds. 

The all-mash system of feeding is desirable for starting and growing 

® Robertson, Carver, and Cook, 1939. 
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chicks because it involves less labor. When the birds become oldery the 
feed consumption much greater, and the individual needs more pro- 
nounced, one of the grain-and-mash systems of feeding is more economi- 
cal. 

The all-mash system of feeding is desirable in nutritional experimental 
work where the consumption of ingredients should be kept in constant 
ratio. It is also satisfactory in battery feeding of birds, where feeding 
space is at a premium. The all-mash system of feeding results in the pro- 
duction of eggs of more uniform yolk color and white consistency. How- 
ever, even on the same ration the eggs from different individuals vary 
within wide limits as regards internal appearance. 

Wet mash. Wet mash is sometimes fed as a supplement to the dry 
mash feed to increase palatability and stimulate feed consumption. 
Chickens pick over mash feed and it dries out in the hopper and be- 
comes unpalatable. If the top dry mash in the hopper is scraped off, 
mixed to a crumbly mass with water or milk, and fed in small amounts, 
it is relished by birds. Wet mash is more palatable and of greater nutri- 
tive value when mixed with milk than when mixed with water. Layers 
may be fed as much wet mash as they will clean up in about ten minutes. 
An excess of wet mash should be avoided. It may become sour, moldy, 
caked, or unpalatable. Wet mash is usually fed to layers about the noon 
hour or about ten o’clock in the morning and about three o’clock in the 
afternoon. It is sometimes fed to broilers in addition to the dry mash. 

The feeding of all of the mash feed in the form of a wet mash involves 
too much labor in feeding chicks and hens. However, it is the system 
generally used in fattening poultry (p. 353). 

Pellets. Mash feed is now on the market in the form of pellets. It is 
forced through a press under high pressure and formed into pellets of 
varying size. Pellets may be more palatable than some finely ground 
mash feeds. There may be some advantage in feeding pellets in range 
feeders, where the wind may blow away part of the ground mash feed. 
The keeping quality of nutrients in the form of pellets may be better than 
in the form of finely ground mash feed. 

Preparation of mash feed in the form of pellets adds to the cost of 
preparation. There is insufficient evidence at present to justify the use 
of pellet poultry feeds. 

Artificial lights. Feeding for early rapid growth and fall egg produc- 
tion of hens is closely connected with the use of artificial light. It is used 
to lengthen the day to at least thirteen or fourteen hours, or even to a 
period of continuous lighting. 
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Chic\s make faster early growth when all-night light is used. It there- 
fore has a place in broiler production. The presence of light at night in 
the brooder house or battery room results in more comfort of the birds 
and less danger of piling. The birds can see to move about and secure 
feed when needed. A twenty-watt bulb is satisfactory in the ordinary 
colony brooder house. 

Hens may be made to lay more eggs in the late summer, fall, and early 
winter by the use of artificial light. If lights are used in the fall, spring 
egg production will be less. Lights have little influence on total yearly 
egg production. A time switch may be used to turn the lights on about 
three o’clock in the morning. All-night lights may also be used. A forty- 
watt bulb is sufficient for a pen that will accommodate about one hundred 
hens. The light may be suspended over the feeders and water vessel or 
over the perches. Where electricity is not available, a lantern may be 
substituted. 

Artificial lights may be used to help hold up late summer and fall pro- 
duction of yearling hens, shorten the molting period of hens, bring hens 
into production for winter-hatching eggs, check the neck molt and slump 
in fall egg production of early-hatched pullets, and hasten the sexual ma- 
turity of late-hatched and slow-maturing pullets. 

It was formerly believed that the chief benefit derived from the use of 
artificial lights on layers was to increase the length of day. It was be- 
lieved that this would result in greater feed and water consumption and 
consequently greater egg production. Tests conducted at Ohio State 
University have shown that this is not the principal value of the use of 
lights. Birds exposed to light at night but deprived of feed and water 
produced nearly as many eggs on a twelve-hour eating day as birds which 
had lights and feed and water at night (Table 50). It is believed that the 

Table 50 

THE INFLUENCE OF LIGHT ON EGG PRODUCTION 


Light and Management Eggs per Bird 

No light at night. 57 

Low light intensity at night 66 

Lights but no feed at night. 85 

Lights and feed at night 88 


chief benefit of artificial light in the laying house is to stimulate hormone 
activity. The pituitary gland is stimulated to secrete , a hormone into the 
blood stream. This is carried to the ovary and stimulates egg production. 


i<>Pakan, 1938. 
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Feeding for growth includes the feeding of young chicks, broilers, 
pullets, breeding cockerels, capons, fryers, and roasters. The requirements 
vary but little for the different groups. The protein level of the ration 
will vary, depending upon the age of the birds and the rate of growth de- 
sired. 

The condition of the feed may be varied with the age of the birds. The 
feed should be ground for the first few weeks. Chicks can handle whole 
wheat when they are two or three weeks old, whole oats when five or six 
weeks old, and whole corn when seven to eight weeks old. 

The consumption of feed will vary with the rate of growth (p. 287). 
One hundred chicks eat about 10 pounds of feed the first week and 10 
additional pounds each week during the first ten weeks. From ten to 
twenty weeks they eat about 5 pounds additional feed each week. For 
instance, 100 chicks will eat about 50 pounds of feed during the fifth week, 
and about 125 pounds during the fifteenth week. 


Table 51 

GROWTH AND FEED CONSUMPTION OF CHICKS ON AN ALL-MASH AND 
FREE-CHOICE SYSTEM OF FEEDING 






Ail-Mash Ration 

Free-Choice Ratoin 

Weights of Birds 



Weight of pullets at four weeks 

166 grams 

144 grams 

Weight of cockerels at four weeks 

1 178 

164 

Weight of pullets at eight weeks 

418 

379 

Weight of cockerels at eight weeks 

464 

461 

Composition of Feed 



Corn meal 

50 

39.4 

Wheat bran 

15 

11.1 

Wheat shorts. 

15 

29.3 

Dried buttermilk. 

15 

6.1.;. 

Dried skim milk 

00 

4.8 

Meat scraps ........ 

00 

5.4 

Alfalfa leaf meal 

00 

.9 

Bone meal. 

4 

■ 3.0' 

Salt................... 

1 

.2 ■ 

Total Pounds 

100 

100,2 


Funk, 1932. 
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The methods of feeding may be varied according to the feedstufJs used, 
labor cost, and likes of the feeder. Chicks will balance their ration and 
make satisfactory growth when given free choice of feedstuffs (Table 51). 
Chicks are generally started on all-mash rations. From broiler age on 
they are generally fed mash concentrate and grains free choice, mash and 
limited grains, all-mash, or grains and liquid milk (pp. 333-336). 

Feeding young chicks and growing stock. From the large number of 
feedstuifs an unlimited number of satisfactory chick starting and growing 
rations may be formulated. A few of the formulas and feeding directions 
suggested for use in different sections of the country are listed below. 
They illustrate variations in rations, the influence of economic factors on 
the choice of feedstuffs, and different methods of feeding. 

The United States Department of Agriculture recommended the fol- 
lowing all-mash chick starting and growing rations for the production of 
broilers and for the raising of breeding stock: 


Ingredient 

No. 1 

No. 2 

No. 3 

No. 4 

Ground yellow corn 

20.0 ^ 


42.0 

32.0 

Ground wheat 

32.0 

10.0 


10.0 

Ground barley, milo, or began 


42.0 


10.0 

Ground oat5? or wheat middlings- - 



10.0 

10.0 

Soybean meal 

21.0 

21.0 

24.0 

23.0 

Cottonseed, soybean, or corn-gluten meal .... 

10.0 

10.0 

10.0 

10.0 

Fish meal, 



2.0 


Meat scrap 


2.5 






1 • • • • • 


Dried milk 

5.0 



4.0 

Dried whey 


5.0 

5.0 

4.7 

Alfalfa meal 

7.7 

6.0 



Distillers’ solubles 



^ 2.7 

2.0 

Steamed bone meal 

2.0 

1.1 

2.0 

2.0 

Limestone or oyster shell 

1.0 

! 1.0 

1.0 

1.0 

Manganized salt 

1.0 

! 1.0 

1.0 

1.0 

Total 

100.0 

100.0 

100.0 

100.0 


The salt mixture consists of 100 parts of common salt and 1.7 parts of 
anhydrous manganese sulfate or 2.5 parts of manganese sulfate tetrahy- 
drate. 

If a fortified cod liver oil that contains 400 A.O.A.C. chick units of 
vitamin D and 3000 International units of vitamin A per gram is used, 
only .125 per cent need be included. 

Birds may be kept on the all-mash ration until they are three or four 


S. D. A. Wartime Feed Mixtures for Chickens, A.W.I., 48, 1943. 
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months old, at which time they should be changed to a laying or finishing 
ration of lower protein content. 

Southern States open formula starting and growing mash (No. 1), 
growing mash (No. 2), and broiler ration (No. 3) are: 


Ingredient 

No. 1 

No. 2 

No. 3 


Founds 

Pounds 

Founds 

Yellow corn 

326.5 

229,0 

321.5 

Wheat middlings 

300.0 

300.0 

400.0 

Wheat bran 

300.0 

300,0 

200.0 

Ground oats 

1 150.0 

200.0 

150.0 

Ground barley 

I 300.0 

300.0 

300.0 

Distillers’ dried grains 

I 100.0 

200.0 

100.0 

Corn-gluten meal 

1 75.0 


1 100 0 

Alfalfa meal 

100.0 

125.0 

100.0 

Soybean meal 

150.0 

225.0 

175.0 

Meat scraps 

1 60.0 

60.0 

75.0 

Fish meal 

1 60.0 



Dried whey 

25.0 


25,0 

Riboflavin concentrate 

1 12.5 

10.0 

12,5 

Limestone 

30.0 

40.0 

30.0 

Iodized salt. 

! 10.0 

10.0 

10.0 

Manganese sulfate 

0.25 

.25 

.25 

Animal Sterol (2000 D) 

.75 

t ... . 

.75 

.75 

i 

Total 

■ 2000.0 

2000,0 

2000.0 


The Missouri chick starting all-mash ration for the first eight to eleven 
weeks and the growing mash to be fed with grain to birds on range 
are: 


Ingredient 

Chick 

Starter 

Growing 

Mash 


Pounds 

Pounds 

Yellow corn ! 

45.0 

100.0 

Shorts 

15.0 

100.0 

Bran 

5.0 

100.0 

Alfalfa leaf meal 

10.0 

1 16.0 

Meat scraps 

7.0 

30.0 

Soybean oil meal. ........ 

15.0 

30.0 

Bone meal 

1 0.5 


Salt 

1.0 

4.0 


A pint of regular cod liver oil is added to each one hundred pounds of 
mash feed where the chicks are raised in confinement. 

Southern States Cooperative, Richmond, Va., 1945. 

«Mo. Sta. Circ. 249, 1945. 
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When milk is given as a drink, the dried milk may be omitted in the 
mash feed. 

The alfalfa may be replaced by bran when the birds are given green 
grass range. 

Cockerels are fed this ration until they are marketed as broilers. 

The New England Conference chick starting and growing ration 
(formulas for 1941) consists of a 19 per cent protein all-mash chick 
starter to be used for the first six to eight weeks. This is followed during 
the remainder of the growing season by the use of a 20 per cent protein 
growing mash and scratch grain. The grain is gradually increased until 
its consumption is double that of the mash by the time the birds are four 
or five months old. The two mash formulas are as follows : 


Ingredient 

Chick Mash 

Growing Mash 

Ground No. 2 yellow corn 

616 lbs. 

608 lbs. 

Wheat bran 

300 

350 

Standard middlings 

300 

300 

Ground whole oats or ground barley 

200 

200 

Alfalfa leaf meal 

100 

50 

Soybean oil meal. 

100 

175 

Dried skim milk 

ISO 

75 

Meat scraps, 50% protein minimum 

120 

120 

Fish meal, 50% protein minimum 

50 

50 

Limestone or oyster shell meal 

SO 

50 

Salt 

10 

10 

Dicalcium phosphate 

0 

10 

Fortified cod liver oil 

4 

2 

Total 

2000 lbs. 

2000 lbs. 


Approximately one-half pound of manganese sulphate or its equivalent 
should be in each one hundred pounds of oyster shell or limestone meal. 

The fortified oil should contain four hundred A.O.A.C. chick units 
per gram. In mixing the oil, one part of oil should be mixed in ten parts 
of either wheat b^an or corn meal and this mixture then mixed with the 
remainder of the feed. 

A Texas all-mash chick starter recommended among suggested for- 
mulas for special-purpose mixed feeds consists of the following 


Yellow corn meal. 253^ lbs. 

Wheat gray shorts. 20 

Milo meal. 18 

Pulverized whole oats. — .... 10 


^® Tcx. Sta. Circ. 84, 1939. 
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Soybean oil meal 

Dried skim milk 

Meat scraps 

Dehydrated alfalfa meal 

Ground oyster shell 

Raw bone meal 

Salt 

Fortified fish oil 


Total 103 lbs. 

A Texas formula of a suitable scratch feed for feeding to growing 
chicks or laying hens consists of the following: 


Cracked yellow corn ......... 

25 lbs. 

Milo 

25 

Kafir 

2') 

Wheat 

20 

Barley 

10 

Total 

100 lbs. 


The California chick starting rations consist of all-mash for the first 
four to six weeks. The same mashes serve for growing rations when fed 
with gradually increasing amounts of grain after about the fourth week. 
Some of these mashes are : 


7 

7 

6 

4 

rZ 

% 

^4 


Ingredient 

No. 1 

No. 2 i 

No. 3. 

Yellow corn 

Pounds 

25.0 

Pounds 

25.0 

Pounds 

20.0 

Ground wheat 

15.0 

15.0 

10.0 

Ground barley 

15,0 

15.0 

16.5 

Wheat bran 

16.0 

16.0 

20.0 

Fish meal (65% protein) 

12.5 

7.5 

' 15.0 

Dried milk or whey. 

5.0 

; 5.0 

^ 2,0 

Alfalfa meal 

7.5 

: 7.5 

! 10.0 

Meat scraps 

6.0 

Bone meal 

1.0 


Limestone or oyster shell 

2.0 

2.0 

2.5'- 

Salt........ 

0.5 

0.5 

0.5. 

Cane molasses 

3.0 

Fish oil (100 D). . 

■ OJ 

0.5 

1 0.5 ; 


Total 

100.0 

100.0 

100.0 



16 Calif. Sta. Ext. Circ. 108, Eevised, 1940. 
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Feeding broilers. Broilers consist largely of cockerels separated from 
the growing pullet flock and young chickens grown primarily for meat 
purposes. They are generally marketed when eight to twelve weeks old. 
At this time they should weigh about 1^4 to 214 pounds. 

Since rapid early growth is generally desired in broiler production, broil- 
ers are often started on all-mash chick starters containing about 20 per 
cent protein. They are also frequently started on regular chick starting 
rations (p. 341) containing about 18 per cent protein and finished or car- 
ried for a longer period without the addition of grain. 

The same feed is fed to birds raised indoors or in batteries. Dry mash 
and water are kept before the birds all the time. A little fresh feed is 
added frequently and the feed mixed in the feeders to increase consump- 
tion. The use of a thirteen- or fourteen-hour day or all-night lights will 
result in increased food consumption and better gains. The light intensity 
is kept low in order to avoid too much activity and to reduce feather 
picking and cannibalism. 

Broilers may be finished on the starting and growing all-mash chick or 
broiler mash; or they may be placed on a finishing ration for ten to four- 
teen days before they go to market (p. 353) . This ration contains no oil 
or alfalfa and is therefore a little cheaper. It eliminates the possibility of 
the broilers having a fishy taste as a result of the oil fed. This dry mash 
is kept before the birds all the time. In addition, they are given as much 
wet mash three or four times a day as they will clean up in about ten 
minutes’ time. Moistening the wet mash with milk instead of water will 
make it more palatable and result in increased consumption and better 
gains. 

Finishing puUets. After the cockerels have been removed, or when 
the pullets are eight to twelve weeks old, they may be changed to the 
laying ration (15 to 16 per cent protein). This may be done by feeding 
a limited amount of grain (about equal parts mash and grain) with the 
chick starter or giving the birds free access to a mash concentrate (24 to 
32 per cent protein and grains) . 

If growing pullets are fed a ration that is much lower in protein than 
the laying ration, they will be smaller and less uniform in weight at the 
time production begins; they will be in poorer physical condition; the 
early production will be less; and the eggs will be more irregular in size. 

The level of protein fed has little influence on the age at which produc- 
tion begins, but does have an influence on the rate of production. Early 
sexual maturity is influenced more by breeding than by feeding. 

Oyster shells or limestone grit, or both, should be available for matur- 
ing pullets. 
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Any change that is to be made in the system of feeding should be made 
before the birds come into production. A good time to make the change is 
when the birds are between three and five months old. 

Slow-maturing pullets may be brought into production by limiting the 
grain and encouraging mash consumption. Leghorns should start to lay 
when five to six months old, and general-purpose birds when six to seven 
months old. The feeding of a little wet mash once or twice daily and 
the use of artificial lights may also be used to bring late-hatched or slow- 
maturing pullets into production. They should not be used on normal 
pullets for the first two or three months’ period of production. 

Feeding breeding cockerels. Poultry breeders raise a large number of 
cockerels to be selected and used as breeders. The nearer they reach ma- 
turity, the more of a maintenance ration (mostly grains) they may be 
fed. When the pullets and cockerels are separated, both groups may be 
finished on a free choice of mash and grains. The mash feed for cockerels 
may be any of the mash feeds for starting and growing chicks, or for egg 
production. As the birds become larger and their energy needs greater 
and their protein needs less, they will eat more grain and less mash. 

Feeding fryers and roasters. Fryers and roasters are larger than broilers 
and have nearly reached the end of the period of rapid growth and eco- 
nomical gains. They generally weigh between three and six pounds and 
are between three and six months old (p. 502). Since these birds are 
held longer than broilers, early rapid growth is not so essential. In fact, 
continued later growth is preferred. It can be obtained on rations of 
lower protein content than those fed to broilers. Fryers and roasters may 
be started on the same rations as used for starting chicks to replenish the 
breeding flock. Grains may be hopper fed along with the mash feed 
after the birds are about six weeks old. The birds will balance their 
ration according to their needs, eating more grains and less mash as they 
become older. 

Fryers and roasters are generally given range. If kept in small groups, 
they will secure part of the nutrients needed from the range. These in- 
clude grass for vitamins, proteins and minerals, sunshine for vitamin D, 
and insects and worms for part of the proteins. The range-reared birds 
will eat more grains and less mash than the confined birds, and gains will 
be produced more economically. 

Fryers and roasters are of better quality if penned up or caged and fed 
a finishing or fattening ration (p. 353) for about ten days before they are 
marketed. 

Feeding capons. General-purpose breeds of cockerels that are to be 
marketed as capons may be fed chick starting and growing rations until 
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they have been caponized and have recovered from the operation. The 
birds w^ill then be about ten to fourteen weeks old. 

Capons are generally marketed when six to eight months old. They 
have good “finish” at this age and will not add much weight if held 
longer. Capons need not be fed so high a protein ration as is used for 
broilers or for egg production. 

Most economical and satisfactory gains are obtained when the capons 
are kept on range in small groups and fed a mash feed and grains free- 
choice in hoppers. Chick starting and growing or laying mashes are 
satisfactory. The older the capons become, the less mash and the more 
grains they will consume. They will be able to secure their vitamin needs 
and part of their protein needs from sunlight, grass, insects, and worms 
found on the range. 

More feed is required to produce a pound of capon than to produce a 
pound of broiler, fryer, or turkey (Table 37). This is because capons are 
held after the period of rapid growth has been passed. Fortunately, the 
feed required during the last several weeks is mostly grains for mainte- 
nance and fat production, and the ration is therefore cheap. Capons can- 
not be produced economically in confinement where all of the vitamins 
required must be supplied in the ration. 

Capons should be fed a finishing or fattening ration (p. 353) for the 
last week or ten days before they are marketed. They may be finished 
on range or confined to pens. 

Feeding for Egg Production 

Feeding pullets and hens for egg production also involves feeding for 
control of molt, fall and winter egg production, egg quality, and hatch- 
ability. The same ration may be fed for all of the above purposes, but 
the system of management is varied somewhat. It requires a better ration 
for the production of hatching eggs than for the production of market 
eggs. Most laying rations are designed for the production of both market 
and hatching eggs. Such rations will produce eggs of good nutritive value 
and result in healthier laying flocks. 

The laying hen needs less protein and more calcium and vitamins than 
the growing chick (Table 40) . 

Some typical laying rations. Following are some of the laying rations 
and systems of feeding recommended in various parts of the country. 
They are typical of the wide variety of feedstuffs and methods of feeding 
that may be used. 

A Canadian laying ration recommended by the Quebec Provincial Feed 
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Board consists of mash and grain in equal parts. The formula of the mash 
is as follows: 


Corn . . . SCIO lbs. 

Wheat 2(X) 

Oats 200 

Barley 100 

Wheat bran ISO 

Rice feed 100 

Alfalfa meal ISO 

Soybean oil meal 250 

Fish meal 100 

Meat meal 100 

Powdered buttermilk 75 

Cod liver oil (concentrate) 10 

Limestone or oyster shell 35 

Bone char 10 

Salt (iodized) 20 

Manganese sulphate. 4 oz. 

The grain mixture consists of the following: 

Corn 800 lbs. 

Wheat..... 600 

Oats 2(X3 

Barley 400 


Water is given as a drink. Liquid milk may be used to replace the 
water if production lags. Moist mash feeding is recommended at noon 
during the cold weather as a stimulant to greater feed consumption. 
Oyster shells should be provided in hoppers. Green feed, such as alfalfa, 
should be fed when the birds are confined to houses. 

A IV^sconsm laying ration consists of free choice of a mash and grains. 
The composition of a mash for confined birds or during the winter 
months is as follows : 


Ground yellow corn ........ 100 lbs. 

Ground oats 100 

Wheat bran 100 

Wheat middlings 100 

Meat scraps 75 

Dried milk ................ 25 

Alfalfa leaf meal. .......... 25 


Quebec Provincial Feed Board, Formulas for Meal Mixtures, 12th. cd., 1939. 
^®Wis„Sta.'Circ.'.ldl, 1939. V 
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Cod liver oil (regular) 5 to 10 

Iodized stock salt 5 


Oats or oats and barley are kept before the birds in hoppers. Wheat is 
fed in the litter in the morning and corn in the late afternoon. If the 
litter is not clean, all the grains may be hopper fed and kept before the 
birds all the time. 

In the case of general-purpose breeds, the corn and wheat are limited 
during the winter months — two pounds of wheat in the morning and 
four pounds of shelled yellow corn in the afternoon. Mash, oats, oyster 
shell, and granite grit are kept before the birds in separate hoppers. 

A Washington laying ration which has given good results consists of a 
free choice of mash and grains with wheat limited to seven pounds per 
hundred birds per day. The mash consists of the following ingredients: 


Millrun 36 lbs. 

Middlings 14 

Ground yellow corn 10 

Ground barley. 9.S 

Ground oats 9.75 

Dehydrated alfalfa 5 

Meat scraps 3 

Fish meal 3 

Soybean meal 4 

Steamed bone meal 2.5 

Ground limestone 2 

Salt 1 

Cod liver oil (fortified) .25 


The wheat is fed on top of the corn and oats in hoppers in the late 
afternoon. Limestone and granite grit are kept available in separate 
hoppers. 

The New Jersey laying ration consists of a mash feed kept before the 
birds at all times and a grain mixture fed late in the afternoon. 

The formula of the mash mixture is as follows 


Ground yellow corn 200 lbs. 

Wheat bran 200 

Wheat flour middlings 200 
Pulverized oats 200 


Wash. Sta. Bui 381, 1939. 
20 N. J. Sta. Bui. 645, 1938, 
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Meat scraps ISO 

Dried milk 50 

Cod liver oil (unfortified) 20 

Oyster shell or limestone flour 20 

Salt 10 


Total 1050 lbs. 


A grain mixture recommended consists of forty pounds of cracked 
yellow corn, forty pounds of wheat, and twenty pounds of oats. 

As much grain is fed in the late afternoon as the birds will eat before 
going to roost. An excess should be avoided. During the summer about 
three pounds of mash per hundred birds may be moistened with milk to 
make a crumbly mash and fed about the noon hour. Succulent feed may 
be fed if the amount does not exceed about four pounds per hundred birds 
per day. 

Oyster shells, alone or with limestone grit, are kept available in separate 
shell hoppers. 

Feeding for control of molt. Birds do not molt and lay well at the 
same time. Early-hatched pullets generally lay well for a period of two 
or three months. Then they show a neck molt which may become gen- 
eral unless precautions are taken to check it. The practice used on some 
farms is to use artificial lights at night (p. 338) . This will check the molt 
and hold up production for about a month or six weeks. Then when pro- 
duction starts down again, wet mash is fed once or twice daily (p. 337). 

The molting of laying hens in the fall of the year, when egg prices arc 
the highest, is another problem faced by poultrymen. To avoid a molt or 
to hasten birds through it, the consumption of mash feed should be en- 
couraged. The use of lights and wet mash will also be beneficial. 
Feathers are largely protein, and mash feed contains the nutrients for 
feather growth. Moistening the wet mash feed with milk is desirable 
because milk is a good source of amino acids that are essential for feather 
growth. 

Some poultrymen force the hens to molt in the early summer when 
egg prices are low. The idea is to have the birds over the molt and back 
in production in late summer or early fall when egg prices are high. The 
mash feed is taken away and the birds are given water and grains for 
several days. The birds go out of production, but it is difficult to get all 
of them to go through a complete molt. The results obtained have been 
variable in different parts of the country. The forced molting of birds 
is a questionable practice. A better program is to feed the birds to pro- 
duce all the eggs they will produce all the time. 
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Feeding for fall and winter egg production. The old saying that “a 
dozen eggs in the fall is worth two dozen in the spring” is still true. 
Toward the end of the first laying year or late in the summer or early 
fall many hens go out of production. Such birds may be kept in pro- 
duction until late fall or early winter by the use of artificial lights (p. 338), 
and the feeding of wet mash. Slow-maturing pullets may be brought 
into production by the same practice. It also may be desirable to restrict 
the grain feeding in order to secure sufficient mash consumption for sat- 
isfactory egg production. 

It should be remembered that hens which lay well in the fall will not 
lay so well in the spring. Flock owners who expect a high rate of pro- 
duction for hatching eggs in the late winter and spring should not force 
the flocks for high production in the fall. 

Feeding for egg quality. The rations fed to laying hens influence 
both the market grade of eggs produced and their nutritive value. 

Egg size is not influenced much by the ration. A good supply of oyster 
shells or limestone grit and vitamin D results in thicker eggshells and 
consequently slightly heavier eggs. Age and size of bird, rate and time 
of production, and breeding are the chief factors influencing egg size. 

Shell quality is influenced by the calcium and manganese content of the 
ration and by the amount of the vitamin D factor supplied. Good quality 
oyster shells or limestone grit, or both, should be readily available for 
layers at all times. A special compartment at one or both ends of the 
feed hopper should be reserved for the shell or limestone. In case the 
eggshells become thin and crack easily, mineral consumption may be 
increased by sprinkling a handful of oyster shells over the mash feed in 
the hopper every day or so. 

An ample supply of vitamin D should be provided by allowing the 
birds on range or by feeding fish oil when they are confined. 

The albumen quality of eggs is influenced by the amount of succulent 
feed, such as cabbage, green grass, and lettuce that is fed. Birds should 
not be given more than about four pounds of succulent feed per hundred 
hens per day. If birds eat certain kinds of weeds, the albumen of the 
eggs produced may have a green or pink color, especially after being 
held in storage. Feeding cottonseed meal may also produce egg whites 
with a pinkish color. Rations high in protein produce a tougher white, 
which has a greater tendency to stick to the shell. 

Yol\ color is due to the amount of a carotinoid pigment, xantbophyll, 
fed in the ration. It is found in yellow corn, green grass, and alfalfa meal. 
Birds given green grass range and fed an abundance of yellow corn will 
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produce eggs with dark yellow yolks. Eggs with pale yolks may be pro- 
duced by keeping birds in confinement and feeding not more than 30 
per cent yellow corn and 5 per cent alfalfa meal in the ration. 

The use of more than 5 per cent cottonseed meal in the ration results 
in eggs with mottled yellow> salmon green, and nearly black yolks after 
they have been held in storage for a month or longer. 

Weeds of the mustard family, such as shepherds-purse and. penny cress, 
impart a very undesirable olive color to the egg yolks of hens which 
pasture on them. 

Keeping birds in confinement and feeding an all-raash ration results 
in the production of eggs with more uniform yolk color than when birds 
are given grass range or fed a grain and mash ration. 

The vitamin content of the egg is influenced greatly by the ration fed. 
The more vitamins A, D, and G fed in the ration, the greater will be the 
^ content of these vitamins in the egg. The average run of eggs contains 

; about 20 International units of vitamin A per gram of yolk (300 units 

I per egg). The potency may be doubled when birds are fed good vitamin 

; A rations, containing green grass, alfalfa, or good fish oil When the 

I vitamin A content of the ration is low, the vitamin A content may drop to 

I 5 or 6 units per gram. 

I The average egg contains 10 to 12 U.S.P. units of vitamin D per yolk. 

I When good vitamin D rations (with good fish oil or sunshine) are fed, 

I the vitamin D content of the egg is increased to 60 to <80 units, 

i Both the white and yolk of the egg contain vitamin G. The average 

I . egg contains about 65 to 70 Sherman-Bourc]uin units of vitamin G. This 
is equivalent to about .27 milligram or 270 gammas of riboflavin. The 
amount may be increased greatly by increasing the vitamin G content of 
the ration. 

Feeding for hatchability. It requires a better ration for the production 
of hatching eggs than for the production of market eggs. The hen must 
store all the nutrients in the egg that are needed for the development 
of the embryo. Since much mineral material needs to be assimilated in 
the embryo, the vitamin D content of the egg must be high for hatch- 
ability. The vitamin G content of the egg must also be high in order to 
meet the growth requirements of the embryo. 

I Special care in feeding is necessary when the breeding flock is kept 

in confinement. The birds should be fed fish oil or other sources of 
vitamin D to take the place of sunlight, and high-quality alfalfa or other 
legume hay (Table 52) to take the place of green grass. The breeding 
ration should also contain at least 5 per cent dried milk. 
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Table 52 


INFLUENCE OF FEEDSTUFFS AND MANAGEMENT 
ON HATCHABILITY OF EGGS 


Ration and Management 

Eggs Set 

Fertile Eggs Hatchec 

Basal ration 

1555 

36.9% 

Basal plus skim milk to drink 

685 

49.0 

Basal plus alfalfa hay chopped 

645 

41,7 

Basal plus bare outdoor lot 

345 

39.3 

Basal plus 2 % cod liver oil 

1110 

34.4 

Basal plus bluegrass range 

1525 

60.9 

Basal ration 

1187 

35.7 

Basal plus soybean hay 

486 

61.7 

Basal plus alfalfa hay 

1354 

59.4 

Basal plus clover hay 

1026 

57.8 

Basal plus 2% cod liver oil 

332 

28.4 

Basal plus bluegrass range 

835 

64.0 

Basal ration 

174 

25.6 

Basal plus 1% cod liver oil 

532 

30.1 

Basal plus 3% cod liver oil. 

285 

28.2 

Basal plus 5% alfalfa leaf meal 

161 

41.1 

Basal plus 1% cod liver oil and 5% alfalfa leaf meal. 

713 

62.0 

Basal ration 

184 

20.1 

Basal plus 2% cod liver oil 

252 

24.6 

Basal plus 2% cod liver oil and 5% alfalfa leaf meal. 

250 

58.8 

Basal plus irradiation 

.252 

40.9 

Basal plus irradiation and 5% alfalfa leaf meal. . . . 

253 

63.3 

Basal plus milk to drink and 2% cod liver oil 

470 

53.0 


The laying rations listed for use in feeding for egg production (p. 346) 
are also satisfactory for the breeding flock. Most poultrymen believe that 
it pays to feed for the production of hatching eggs even though they are 
to be sold for market. The eggs will be of higher nutritive value. The 
birds will have higher vitamin reserves and better health. 

No special care is needed in feeding the male birds in the breeding 
flock. They will do well on the ration fed the hens. 

Feed consumption of laying hens. Feed consumption will vary with 
the size of the bird, rate of production, weather conditions, and quality 
of the ration. The average hen will eat from seventy to ninety pounds of 
feed in a year. About fifty-five pounds of this amount is used for mainte- 
nance. It has been observed at Cornell University that one hundred 
Leghorn hens of average size will eat the following amounts of feed per 
day, depending on the rate of production; 

I ^^Bethkc and Kennard, 1928. 
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Per Cent Production 

Total Feed Intake 

0 

18-19 lbs. 

10 

19-20 

20 

20-21 

30 

21-22 

40 

22-23 

SO 

23-24 

60 

24-25 

70 

25-26 


The following formula may be used to figure the feed consumption of 
any breed of fowls at various levels of production. 

Total daily feed per 100 birds = 8.3 + 2.2 times the weight of the 
bird + one-tenth (0.1) of the egg production. 

Fattening Pouetry 

Poultry is fattened to improve the quality of the meat and to increase 
the weight. Birds that are mature, or nearly so, may be fattened more 
easily than growing stock. The rations fed and the length of the finishing 
or fattening period influence the gains and the quality of the product 
produced. 

The fattening or finishing period is short, varying from about one week 
in the case of hens to about two weeks for fryers. 

The birds should be confined to pens or fattening batteries (Fig. 176). 
Birds that are unusually active, easily frightened, or restless, do not gain 
well. 

Since the feeding period is short, no special provision need be made 
for vitamins A and D in the ration. Fish oils and alfalfa that are usually 
fed to supply these vitamins may be replaced by corn in the fattening 
ration. 

The feed should consist mainly of ground grains. All of the ration 
and liquid consumed is given in the form of a wet mash. The birds eat 
more of the mash than they otherwise would, in order to satisfy their 
needs for water. 

The mash is generally mixed with milk to make a batter that pours 
easily. Milk adds to palatability of the fattening ration and results in 
better gains. 

The fattening mash and milk or water are generally mixed in the 
proportion of forty parts by weight of mash and sixty parts of liquid to 
make a mash of the proper consistency for pouring. 

Fattening rations. Some typical fattening rations and systems of feed- 
ing advocated in different sections of the country are as follows: 
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The Macdonald College fattening ration advocated for a fourteen-day 
fattening period for birds kept in pens or batteries consists of the follow- 
ing: 


Ground yellow corn 23.25 lbs. 

Ground wheat 23.25 

Ground oats 23.25 

Ground barley 23.25 

Beef meal 3.50 

Powdered milk 2.50 

Salt LOO 

Total 100.00 lbs. 


The birds are fed three times daily all they will clean up in one-half 
hour feeding periods. If liquid skim milk or buttermilk is available for 
mixing the wet mash, the beef meal and powdered milk may be omitted 
from the ration. 

The Texas fattening ration is as follows 


Finely ground yellow corn 34 lbs. 

Wheat gray shorts 20 

Finely ground milo 20 

Dried buttermilk 15 

Finely ground oat groats 10 

Salt.. 1 

Total 100 lbs. 

A South Dakota fattening ration consists of the following ingredients: 

Ground corn . 61 lbs. 

Ground oats or wheat middlings ....... 20 

Dried milk. 13 

Meat scraps 5 

Salt 1 

Total 100 lbs. 


The mash is mixed with water to make a thin paste. 

If liquid milk is available, it may be used in place of water for mixing 
the mash. Then the dried milk may be omitted, and replaced by corn. 

22 Tex:Sta. Circ. 84, 1939. 

23 $. Dak. Bui 335, 1940. 
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Feeding practice. It is customary to fatten or finish fryers, roasters, 
capons, and old hens, unless, they are already in good flesh. 

The birds are generally confined 'to pens, coops, or batteries. Very 
little feed is given the first day of confinement in order to develop a keen 
appetite. The birds are given about as much .feed as they will clean up 
in about five minutes in the morning of- the second day, and as much .as 
they will clean up in. ten minutes in the cveni.ng. On the third day, the 
birds may be fed as much as they will clean up morning, noon, and night 
in fifteen- to thirty-minute feeding periods. 

In large fattening stations, birds are fed- by what .is sometimes termed 
the ‘'continuous pouring” method. They are given as much feed as they 
will clean up in a few minutes several times a day. 

if ewr are generally fattened for about a week if in poor flesh, but not 
at all if in good condition. The gains are usually small, generally not 
more than about 7 per cent. However, the quality of the meat is im- 
proved. 

Roasters, including capons, are generally fattened about ten days. Gains 
o£ 5 to 15 per cent may be expected. 

Fryers, including large broilers, may be fattened for about two weeks, 
or as long as rapid gains and good feed consumption are maintained. 
Gains of 10 to 30 per cent may be expected. 

Quality of poultry meat The fattening ration influences the skin 
color, tenderness of the meat, flavor, firmness of the fat, and vitamin con- 
tent of the edible tissues. 

S/(in color, in yellow-skinned varieties, is influenced by the fattening 
ration. White corn and milk in the fattening ration results in birds with 
pale skin color. Birds fattened on range and fed an abundance of yellow 
corn have a rich yellow skin color. 

Tenderness of meat is influenced some by the ration fed as well as by 
age and the method of cooking. Rapidly growing and well-fattened 
birds are more tender than slow-growing and poorly fattened ones. 
Range-fattened birds are tougher than those fattened in pens or batteries. 

of poultry meat is influenced by the ration fed. The use of oily 
fish meal or fish oil in the fattening or finishing ration should be discon- 
tinued at least two weeks before the birds are marketed. Otherwise, the 
cooked meat may have a fishy odor and taste. 

Birds fattened largely on corn have a meat that is more palatable and 
juicy than birds fattened largely on wheat. 

Fatmzy be increased in the muscles and elsewhere by administration of 
estrogen just before and during the fattening period. Mutton fat added to 
the ration produces a firm fat while vegetable oils produce a soft fat. 
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Review Questions 

1. Why are the cereal grains often varied within wide limits in poultry 
rations? 

2. Which one of the cereal grains is most palatable? 

3. Compare the feeding value of wheat and its by-products, middlings,, and 
bran. 

4. What is the most economical form in which to feed oats ? 

5. Why is yellow corn superior to white corn? 

6. A hundred pounds of dried milk is equivalent to how many gallons of 
liquid milk and how many pounds of condensed milk in feeding value? 

7. Which is more uniform in composition, dried buttermilk or dried skim 
milk? Why? 

8. What are the differences between meat scraps and tankage? 

9. What is one of the best kinds of fish meal? 

10. What is the most widely used vegetable protein feedstuff in poultry rations? 

11. Name a nutrient deficiency in vegetable protein feedstuffs that is not 
present in most animal protein feedstuffs. 

12. Why is it undesirable to replace all animal protein feedstuffs in poultry 
rations by vegetable protein feedstuffs? 

13. What mineral elements are most likely to be deficient in poultry rations? 

14. Give the formula of a simple mineral mixture and directions for its use 
in poultry rations. 

15. Why include a trace of manganese in poultry rations? 

16. What groups of nutrients need to be considered in formulating poultry 
rations? 

17. The carbohydrate feedstuffs constitute about what per cent of the ration? 

18. What are the chief differences in formulating an econoinical ration for 
birds on range and in confinement? 

19. Name the four principal methods of feeding poultry and give the ad- 
vantages of each. 

20. What is the principal way in which the use of artificial lights results in in- 
creased egg production? 

21. Why do the producers of small broilers often feed a higher protein ration 
than farmers who raise poultry to replenish the flock? 

22. What are the advantages of finishing pullets on a 15 or 16 per cent protein 
ration rather than on one of lower protein content? 

23. Why is more feed required to produce a pound of capon than a pound of 
broiler, duck, or turkey? 

24. Give the formula for an all-mash chick starting and growing ration for 
January-hatched chicks. 

25. What feeding and management practices may be employed to prevent a 
slump in fall egg production of winter-hatched pullets? 
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CHAPTER ELEVEN 


Disease and Parasite 
Prevention and Control 


Disease may be defined as any deviation from the normal state of health, 
whether it be a slight ailment or one endangering life. 

Poultry suffer the greatest losses from disease of all the domestic ani- 
mals. It IS the greatest hindrance to profitable poultry production. Losses 
from disease account for the relatively high prices of poultry products. 

contests and the United States Department of Agriculture 
report an annual mortality of 15 to 20 per cent among layers (Table 53). 

Chick mortality during the growing period is also a factor of economic 
importance. According to the United States Department of Agriculture 
(Agricultural Statistics, 1944) it amounts to more than 87 million in 1943 
or nearly 10 per cent of the chickens raised. ’ 

In the losses from disease, one must consider not only actual mortality 
jjut losses from poor hatchability, growth, and production; poorly fin- 
ished market birds; and overhead expense of partly filled houses and idle 
equipment. 


Disease 

Terminolo^. A knowledge of common disease terms is needed in 

hsted hfre^° used terms are 

Injection is the invasion of the tissues of the body by pathogenic organ- 
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isms in such a way as to favor their growth and permit their toxins to 
injure the tissues. 

Table 53 


MORTALITY IN LAYING FLOCKS 


Location 

Year 

Breed 

Mortality 

United States * 

1939 

all breeds 

Per Cent 

18.1 

(all farms) 

1940 

all breeds 

17.8 


1941 

all breeds 

19.1 


1942 

all breeds 

19.4 


1943 

all breeds 

16.2 


1944 

all breeds 

18.4 


1945 

all breeds 

17.7 

United States f 

1944-45 

White Leghorn 

18.5 

(all egg-laying 


Rhode Island Reds 

13.6 

contests) 

! 

1 

New Hampshires 

12.7 


i 

Barred Plymouth 
Rocks 

White Plymouth 
Rocks 

White Wyandottes 

■ 17.1 

19.6 

14.2 


* U. S. D. A. Bureau of Agric. Economics, 1946. 

i American Poultry Journal, Chicago, 111. 

Pathogenic refers to the ability of an organism to cause disease. 

Immunity is the power of resistance of an animal to resist and overcome 
infection. 

Etiology is the study of the cause of a disease. 

Inflammation is the reaction of body tissues to irritation. It is character- 
ized by swelling, heat, redness, and pain. The ending, “itis” is often 
used to indicate inflammation of a part; for example, enteritis means 
inflammation of the intestines. 

A lesion is any hurt, wound, or local degeneration of tissue. 

A vaccine IS a suspension of living disease-producing organisms (bac- 
teria or viruses) . 

A bacterin is a suspension of dead disease-producing organisms. 

A toxin is a poisonous substance produced by bacterial action. 

Causes. Diseases may be produced by living organisms such as para- 
sites, protozoa, fungi, bacteria, and viruses (Fig. 127). 

Parasites diXC here regarded as small multicellular animal organisms. 
Examples are lice and roundworms. 

Protozoa are microscopic one-celled animals. Examples are the causa- 
tive organisms of coccidiosis and blackhead. 
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Fig. 127. Some disease-producing microorganisms, magnified several hundred times. Top: 
left, cocci or round bacteria, found in pus and skin lesions; center, bacilli or rod-shaped bac- 
teria, cause pullorum disease; right, aspergillus or mold, causes aspergillosis or brooder pneu- 
monia. Bottom; left, spirilla or curved bacteria found in some blood diseases; center, monilia 
or mold, causes thrush; right, protozoa, coccidia— the cause of coccidiosis. 

Molds or fungi are low forms of plants. A few of the many forms 
which appear in nature produce diseases. Examples of poultry diseases 
produced by them are aspergillosis and favus. 

Bacteria are microscopic one-celled plants. They are widely distributed 
in nature, but only a few of them produce disease. Examples of bacterial 
poultry diseases are pullorum and tuberculosis. 

Viruses are organisms so small that they cannot be seen even with the 
microscope. The proof of their existence is their ability to reproduce dis- 
ease by introducing substances containing them into the body of a 
susceptible animal. Fowl pox and laryngotracheitis are examples of 
poultry virus diseases. 

The disease-producing organisms may gain entrance to the body by 
way of the mouth, nose, eye, skin, cloaca, or egg. They produce disease 
by irritation, inflammation, use of body nourishment, mechanical obstfuc- 
tion of organs, destruction of tissue, or production of toxins. 

Disease may also be produced by body deformities, injury, faulty nu- 
trition, poisons, and poor environment. This group of diseases is not 
transmissible from one bird to another. 

Infections, The ability of disease-producing organisms to produce dis- 
ease depends upon a number of factors. 
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Virulence of qrganisms is a determining factor in the production and 
severity of an infectious disease. The longer infective agents are away 
from the body and the more they are exposed to adverse environmental 
conditions, such as high and low temperatures, dryness, air, sunlight, 
or disinfectants, the less the chances that they will produce disease. 

The number of organisms gaining entrance to the body influences dis- 
ease production and its course. Small numbers of disease-producing or- 
ganisms may be thrown off by the body, but massive doses cannot be 
combated by the natural body defenses. 

Resistance of birds or their immunity against infection influences dis- 
ease production. Immunity may be inherited or it may be acquired. It 
may be acquired by having had the disease or by the intake of a few 
organisms from time to time which stimulated the production of immune 
substances. 

Well-fed birds have greater natural resistance against infection than 
improperly fed individuals. 

Overcrowding, drafts, extremes of temperature, and forced production 
lower resistance against infection. 

Spread of disease. The parasites, fungi, protozoa, bacteria, and viruses 
may escape from the body of diseased birds by way of the droppings, 
mouth, wounds, or by blood obtained by blood-sucking insects. After 
leaving the body of the bird, the disease-producing agents may be passed 
on to susceptible birds in a number of ways. 

Litter and soil contaminated by droppings from diseased birds are prob- 
ably the most common means of spreading disease. It seems to be the 
nature of birds to pick up material from the litter and soil. In so doing, 
they are likely to become infected, if many disease-producing organisms 
are present. 

Feed and water contaminated by droppings or discharges from the 
mouth of infected birds serve as a common means of spreading disease. 
Feeding chickens on the ground or litter and permitting them to drink 
from dirty vessels or water puddles increase the chances of spreading dis- 
ease. 

Close contact may be a means of spreading external parasites and re- 
spiratory diseases. Healthy birds may inhale germs from diseased birds 
which are coughing, sneezing, or gasping for breath. Lice may crawl 
from one bird to another. 

Animal spread disease. These include fowls, wild birdsj insects, 

and vermin. Some fowls may harbor disease-producing organisms, e.g., 
coccidiosis, and yet show no external symptoms of disease. Wild birds 
are affected by some of the diseases that affect poultry. They may fly 
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from one farm to another, carrying disease germs wi|h them. Flies, 
mosquitoes, earthworms, snails, bugs, and ticks may carry disease organ- 
isms and serve as intermediate hosts for the development of some of these 
organisms. Rats may also serve as a means of spreading disease. Dogs, 
cats, and other farm animals may carry infective material on their feet. 

Movable equipment may be a means of spreading disease. This in- 
cludes cleaning equipment, coops, feeders and waterers, feed sacks, and 
egg cases. 

The attendant or visitors may carry disease-producing organisms on 
their feet and clothing. 


Disease Prevention 

The most efficient and economical method of controlling disease lies 
in the use of preventive measures. The old adage, “an ounce of preven- 
tion is worth a pound of cure,” certainly applies to poultry diseases. The 
chicken has small unit value. Medicine and treatment often cost more 
than the bird is worth. Most diseases have a lasting after-eflfect on growth 
or production. Flock preventive measures should be used. These in- 
clude selection for disease resistance, proper housing, clean range, proper 
feeding, culling out unhealthy birds, and quarantine of new stock. 

Selection of stock. Select healthy fowls for breeders (p. 99). Use 
pullorum-tested stock (p. 412). Hatch from hens rather than from pullets; 
this affords more information about the livability of the parents. Use 
male birds in the breeding pens that come from families having good 
livability. 

Proper housing. Provide adequate floor space (p. 230). This reduces 
the chances of cannibalism and the spread of disease by close contact and 
contaminated litter. 

Provide adequate ventilation but avoid drafts. Avoid sudden changes 
in temperature. Drafts and extremes in temperature lower the resistance 
of birds and make them more susceptible to disease. 

Use dropping pits (Fig. 98) or dropping boards (Fig. 112) to lessen 
the chances of spreading disease by droppings. 

Use sanitary feeders and waterers (Fig. 113). The more fecal material 
kept out of the feed and water, the less the chances of disease. 

Use litter and change it often enough to keep the house reasonably 
clean and dry. 

Ranges and yards. The keeping of birds on the same range year after 
year will result in severe contamination, if diseased birds are present in 
the flock. Some disease germs and parasite eggs will live in the soil for 
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a year or more. Good drainage and aeration of the soil help keep down 

1 infection. Keeping the grass cut short or grazed closely provides young, 

tender vegetation for the birds and at the same time permits greater pene- 
trating power of sunlight. Permanent shade is objectionable — ^unless 
there can be good rotation of range with the birds off the ground for 
two or more years — ^because it keeps out sunlight and keeps the soil damp. 
Shady, damp places are favorable for the protection of disease-producing 
organisms. 

The rearing range should be changed each year so that each range has 
a two- or three-year period during which no birds are kept on it. The 
same applies to yards attached to permanent houses. Cropping unused 
ranges and yards assists in keeping them safe for poultry. 

If only one small range is available and it becomes contaminated, keep 
the birds in confinement. Sun porches (Fig. 99) or cindered yards (Fig, 
117) may be provided for confined birds so that they may have the bene- 
fits of fresh air and sunshine without the dangers of contaminated soil. 

Sanitation. Sanitation is the establishment of environmental conditions 
favorable to health. Good houses, equipment, and yards need to be kept 
clean in order to lessen the chances of disease. 

Cleaning the drinking and feed vessels, perches, nests, floors, and the 
interior of a house before each new lot of birds is housed aids in disease 
prevention. Keeping the equipment and pens clean while birds are in 
them is a further precautionary measure against disease. 

Removal of droppings and litter to a distant part of the farm where 
chickens will not range, and keeping manure storage pits screened against 
flies help prevent the spread of disease. Manure piles serve as breeding 
I places for flies. These insects carry disease and serve as hosts for tape- 

j worm larvae (p. 403) . 

Disinfection or the killing of any remaining disease-producing organ- 
; isms will further reduce the possibilities of disease. Chemical disinfectants 

are not always necessary or practical for this purpose. 

I Most pathogenic bacteria and viruses soon lose their virulence and die 

when they are away from the body of the bird. Drying and exposure to 
air and light aid in their destruction. Thorough cleaning of the house 
and equipment removes many organisms mechanically and exposes the 
remaining ones. The action of air and light will generally destroy them, 
especially if the house is allowed to remain empty for a time. 

Chemical disinfectants may ht used to hasten the dtstruction oi psitho- 
genic organisms. In most cases the warmer the temperature, the longer 
the time of action, the stronger the solution of disinfectant, and the 
smaller the amount of material to be disinfected, the better the effect of 
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the disinfectant. It must be remembered that disinfectants react with 
feces, litter, dust, feed, and other organic matter and may be ‘'used up” 
before coming in contact with bacteria. Therefore, cleaning should be 
thorough before disinfectants are used. 

Lye sohaion, consisting of 1 pound of commercial lye (94 per cent 
sodium hydroxide) and 2J4 pounds of water-slacked lime in 5J/2 gallons 
of water, is a cheap, odorless, and efficient disinfectant for general farm 
use. On prolonged contact, it may be injurious to painted or varnished 
surfaces, some fabrics, and aluminum. It does not injure metallic and 
wooden fixtures generally found on the farm. The lye solution may be 
used for disinfecting yards by thoroughly wetting the ground and then 
adding ^ to 1 gallon of the disinfectant per square yard of soil surface. 

Cresol and other coal tar disinfectants are stable noncorrosive products 
which may be used on poultry house floors and equipment. A 3 per cent 
solution is generally used. These products should not be used in egg, 
meat, or other food storage rooms because of the odor transmitted to the 
foods. 

Feeding. Proper feeding not only protects poultry against nutritional 
diseases, but results in better vigor and greater resistance against infection 
by disease-producing organisms. Vitamin A, for instance, stimulates 
normal secretory power of the epithelial tissue lining the respiratory and 
digestive tracts and hinders secondary bacterial infections. Adequate 
supplies of vitamins A and B in the ration afford protection against para- 
site infestation. A liberal supply of protein in the growing ration in- 
creases resistance against coccidiosis and worm infestation. 

Removal of unhealthy birds. Whenever unhealthy birds (Table 8) 
are observed in the flock, they should be removed at once. They are often 
carriers of disease. Unless the bird is a valuable one, it should not be re- 
turned to the flock when and if it recovers. Such birds often get out of 
condition again. It is better to sell them for meat purposes. 

Protection against carriers of disease. Do not allow pigeons and wild 
birds, especially sparrows and starlings, to roost in the houses or feed 
with the poultry. 

Avoid the use of feeds and feeding practices which attract flies or other 
insects in unusual numbers. 

Exterminate rats and mice. 

Use new feed sacks for poultry feeds, especially for the growing stock. 

Use clean coops for handling birds. Clean and disinfect them before 
use in another house or on another farm. 

Young chicks should be brooded quite a distance from old stock. If 
the same person must care for both the young and old stock, the shoes 








should be cleaned and disinfected by stepping in a pan of disinfectant, or 
rubbers should be put on before going into the brooder house or on the 
range (Fig. 128). 

Quarantine of new stock. New stock to be added to the poultry flock, 
or birds that have been away from the farm at shows, fairs, or other ex- 
hibits, should be held in coops or pens away from the flock for about two 
weeks, to make sure that they do not have any disease or show symptoms 
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Disease Control 

Disease may gain entrance to a flock and outbreaks occur in spite of the 
use of preventive measures. In case of an outbreak of disease in which 
the cause and control measures are unknown, a veterinarian should be 
consulted. 

Outbreaks of disease. In case of an outbreak of disease, all sick birds 
should be removed from the flock and placed in another building. If 
the disease is general, the flock may be left intact and the entire group 
treated. 

The litter should be changed frequently as long as an epidemic lasts. 
Put the birds on new range or keep them in confinement. Remember 
that most diseases are spread by means of contaminated litter and soil. 

Fresh feed and water should be kept before the birds in clean contain- 
ers. The use of a disinfectant in the drinking water is of doubtful value. 
There are many other ways of spreading disease than by means of water 
(p. 371). The use of a disinfectant in the water nearly always hinders 
normal water consumption. 

It is advisable to use milk in some form (p. 315). It adds to palatability 
of the ration, acts as a mild laxative, and serves as an antidote against 
most toxins and poisons. 

In case of poisoning, diarrhea trouble, or constipation, give the flock 
a laxative. For flock treatment of adult birds, use a pound of Epsom 
salts in two gallons of water per hundred birds. Individual doses of 
laxatives consist of one-half teaspoonful of Epsom salts in one or two 
tablespoons of water, or one-half to one teaspoon of castor oil. Liquids 
may be given with a hollow tube provided with a bulb on one end (Fig. 
129). 

Other control measures to be used will depend upon diagnosis .of the 
disease. 

Diagnosis of poultry diseases. A careful observation of external symp- 
toms and autopsy findings are valuable aids in the diagnosis of poultry 
diseases. Other data needed in arriving at a correct diagnosis include 
history of the case or outbreak, age of birds affected, per cent of flock 
affected, housing and yard conditions, the ration being fed, management 
practices used, and treatment that has been given. 

The California Department of Agriculture (Cal. Dept, of Agr. Bui. 21, 
No. 1. 1942) report on 30,000 birds of all ages autopsied, between 1931 and 
1940 inclusive, is given in Tables 54 and 55. These reports show the prin- 
cipal diseases of mature chickens and the age of bird affected. 






Fig. 129. Birds may be given medicine in liquid form with a hollow tube with a bulb on the 
end of it or with a pipette. 

Mature birds showed an increase in tumors, cholera, fowl typhoid, and 
pullorum with increasing age. 

Growing chickens showed an increase in coccidiosis, paralysis, and 
worm infestation with increasing age. 

External examination, while helpful, is often insufficient for accurate 
diagnosis. A bird may show certain symptoms that will indicate several 
diseases. As an example, lameness may indicate scaly leg, polyneuritis, 
vitamin A deficiency, rickets, bumblefoot, nutritional paralysis, tubercu- 
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Table 54 


PRINCIPAL DISEASES OF MATURE CHICKENS AND THE PERCENTAGE 
DISTRIBUTION AMONG THE AUTOPSIES 


Disease 

Age of Birds 

7-12 Months 

1-2 Years 

Over 2 Years 

Colds and coryza 

11.5 

7.4 

7.7 

Roundworms (intestinal) i 

11.3 

10.8 

7.2 

Coccidiosis 

8.6 

4.9 

1.4 

Leucosis ' ■ ■ 

7.8 

4.9 

3.5 

Fowl cholera 

6.3 

7.7 

9.4 

Enteritis , 

5.7 

5.3 

2.4 

Tumors 

5.6 

! ' .7.2 

13.4 

Ruptured yolk 

5.1 

5.0 

7.5 

Paralysis ■ 

3.9 

, 2.5 

1.1 

Pox 

2.8 

3.2 

! 4.9 

Tapeworm 

2.7 

1.4 

1.8 

Infectious laryngo tracheitis 

2.6 

2.S 

4.6 

A-avitaminosis 

2.2 

1.4 

1.2 

Roundworms (gizzard) 

2.0 

3.2 

2.0 

Lice 

2.0 

2.2 

2.9 

Cannibalism 

1.6 

1,2 

0.3 

Peritonitis 

1 1.3 

1.7 

1.6 

Nephritis 

i .. ,1.1 ■■■■ 

1.9 

1.4 

Salpingitis 

1.0 

2.0 

2.4 

Pullorum 

0.7 

1.8 

1.6 


losis, sod disease, parasites, perosis, range paralysis, or injury. External 
symptoms, autopsy findings, and the diseases indicated are summarized in 
Table 56. 

Post-mortem examination generally adds additional information to that 
obtained from external symptoms. 

The bird should be killed by breaking the neck. Cut the skin between 
the vent and rear of the keel around on both sides near the thighs and 
across the ribs. Press the legs away from the body until they are thrown 
out of joint. Pull the skin forward and to the sides to expose the entire 
breast and abdominal surface (Fig. 130). 

A cut should then be made through the muscles just back of the breast 
bone and forward through the ribs on each side in the direction of the at- 
tachment of the wings. Raise the rear of the keel and push it forward to 
expose the viscera. 

The organs should be examined carefully before removal. Observe the 


^ Weisner, 1937. 
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Fig. 130. Autopsy for diagnosing disease. 


air sacs, the pleural and peritoneal linings, the pericardium, and the mes- 
enteries for indications of inflammation, unusual deposits, and the presence 
of abnormal tissue. Look for the presence of fluid, yolk material, or other 
abnormal substances in the body cavity. 

The intestinal tract should be removed and split open with scissors. 
Look for thickened walls, hemorrhages, ulcers, worms, and other abnor- 
malities. Observe the characteristics of the contents of the intestinal tract. 
Suspension of a section of the intestine in a jar of warm water helps to 
reveal small worms. 

Open and examine the trachea for inflammation, mucus accumulation, 
and the presence of parasites. 

By checking the abnormalities found with the diseases indicated in Ta- 
ble 56, it is often possible to diagnose the disease. Further proof may be 
secured by microscopic examination of tissues, bacterial cultures, and in- 
oculation tests. 


Nutritional Diseases 


Unriatural brooding, housing, and feeding conditions; rapid growth; 
forced production; and the use of processed feedstuffs may often result in 
nutritional deficiencies. 
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Table 55 

PRINCIPAL DISEASES OF GROWING CHICKENS AND THE PERCENTAGE 
DISTRIBUTION AMONG THE AUTOPSIES 


Disease 

Age oe Birds 

1-4 Weeks 

5-12 Weeks 

13-24 Weeks 

Puliorum 

27.9 

0.7 

0.6 

Coccidiosis 

20.5 

49.7 

24.5 

Ulceration (gizzard) 

10.9 

4.9 

0.8 

Fowl typhoid 

5.1 

0.3 

0.3 

Pneumonia 

3.6 

0.4 

0.2 

Chick bronchitis 

3.1 

2.6 

0.7 

Colds and coryza 

2.5 

6.3 

10.1 

Enteritis 

2.4 

6,0 

7.1 

Nutritional dermatitis 

2.3 

0.2 


Nephritis 

2.1 

1.0 

0.8 

Nutritional paralysis 

1.6 

0.2 


Infectious laryngo tracheitis 

1.4 

2.6 

' 2.7 

Rickets 

1.4 

1.3 


Streptococcus infection 

1.1 



Paralysis 


3.8 

14.6 

Roundworms (intestinal) 


1.7 

7.9 

Tumors 


0.7 

3.5 

Tapeworms 


0.2 

2.9 

Leucosis 


0.6 

2.4 


Vitamin A deficiency. Vitamin A deficiency disease is also known as 
nutritional roup and avitaminosis A. It may affect poultry of all ages that 
are deprived of green grass range or other sources of Vitamin A. 

Symptoms among growing chicks include slow growth, ruiffled feathers, 
paleness, drowsiness, staggering gait, incoordination of movements, 
crouching on the hocks, inflammation or dryness of the eyelids, cheesy ma- 
terial in the eyes, emaciation, weakness, and finally death. 

Symptoms among hens include cessation of egg production, drowsiness, 
white cheesy material in the eyes, a nonodorous discharge from the nostrils, 
emaciation, weakness (Fig. 131), staggering gait, whitish droppings, and 
low resistance against respiratory infections. 

Autopsy characteristics of vitamin A deficiency include pustule-like le- 
sions in the mouth and gullet and swollen, grayish kidneys and ureters 
clogged with uric acid. 

More careful study reveals a degeneration of the epithelial lining of the 
respiratory system and the upper digestive system, nerve degeneration, and 
an excess of uric acid in the blood. 


^ Jungherr, 1935. 


Table 56 


DIAGNOSIS OF DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 
AUTOPSY EXAMINATION 


Structure, etc. 

Abnormalities 

Disease Indicated 

Comb 

Deep red 

Purple 

Pale 

Blister or scabs 

Cholera, botulism 

Cholera, poisoning 

Parasites, typhoid, tuberculosis, 
lukemia 

Fowl pox 

Eyes and nostrils 

Exudate in 

Colds, roup, vitamin A deficiency, 
coccidiosis, sod disease 

Mouth and throat i 

Ulcers in bloody 
mucus 

Roup, fowl pox 

Infectious bronchitis 

Feathers 

Unthrifty 

Falling out 

Worms, lice, mites, vitamin de- 
ficiency 

Feather pulling, botulism 

Wings 

Drooping 

Parasites, coccidiosis, vitamin de- 
ficiency, bacterial diseases 

Legs 

Lameness 

Paralysis 

Injury, gout, bumblefoot, vitamin 
deficiency, perosis 

Leucosis, tape worms, coccidiosis, 
tumors, vitamin deficiency 

Neck 

Limber 

Twisted 

Botulism, poisoning, cholera 

Worms, poisoning, tumors 

Diarrhea 

Green 

White 

Yellow 

Bloody 

Typhoid 

Pullorum, vitamin A deficiency, 
worms, cholera, coccidiosis 

Cholera 

Coccidiosis, cholera 

Crop 

Distended 

Crop bound, sour crop 

Vent 

Inflamed, protruding 

Prolapse 

Weight ■ 

Light, emaciated 

Parasitic, chronic, coccidiosis, leu- 
cosis, tuberculosis 

Temperature 

Elevated 

Subnormal 

Cholera, typhoid, pullorum, tuber- 
culosis, tracheitis 

Botulism, vitamin deficiency 

Respiration 

Difficult 

Bronchitis, gapes, aspergillosis, pneu- 
monia 
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DIAGNOSIS OF DISEASES AS INDICATED BY EXTERNAL SYMPTOMS AND 
AUTOPSY EXAMINATION (cont’d.) 


Structure, etc. 

Abnormalities 

Disease Indicated 

Liver 

Enlarged 

Spots 

Typhoid, leukemia, blackhead 
Typhoid, coccidiosis, tuberculosis, 
tumors, blackhead 


Yellow 

Chilling, overheating 

Intestinal tract 

Congestion 

Thickened ulcers 

Nodules 

Cholera, parasites, coccidiosis, poi- 
sons, vitamin B deficiency 
Parasites, coccidiosis, tuberculosis, 
blackhead. 

Tapeworms, tumors, tuberculosis. 

Kidneys 

Swollen, light colored 

Vitamin A deficiency, cholera, 
typhoid 

Ovary 

Discolored or irreg- 
ular ova 

Pullorum, tumors 

Heart 

Small hemorrhages 
Grayish spots 

Cholera 

Typhoid 

Lungs 

Congested with blood 
Pus spots 

Green or brown 

Cholera 

Pullorum, pneumonia 

Mycosis 

Trachea and bronchi 

Blood and pus 

Worms in 

Infectious bronchitis 

Gapes 


Pret/ention of vitamin A deficiency is accomplished by providing green 
grass range or feeding yellow corn, dehydrated alfalfa meal, and feedstuffs 
containing carotene or vitamin A (Table 3, Appendix) . 

Fowls may be cured of vitamin A deficiency disease by feeding cod liver 
oil or a solution of carotene in a vegetable oil. The vitamin A require- 
ments of poultry are given on page 297. 

Vitamin Bi deficiency disease is also known as avitaminosis B and 
polyneuritis. It is a nerve disease which may affect fowls of all ages de- 
prived of green grass range and fed degerminated grains. Since most 
rations contain the germs of grains, vitamin Bi deficiency is of rare occur- 
rence. 

Symptoms of vitamin Bi deficiency include loss of appetite, cessation of 
growth or production, spastic head contractions (Fig. 132), complete pa- 
ralysis, and high mortality. 

Autopsy reveals darkened and shrunken viscera and undigested food in 
the intestinal tract. The muscles are also darkened and shrunken. Pe- 



Fig. 131. Some fat-soluble vitamin deficiency diseases. Upper left, rickets. ^ Birds v/alk with 
a wobbly gait and sit down much of the time. Upper right, vitamin A deficiency. Note the 
unthriftiness and pale, dry skin about the head and eyes. Lower, (7) normal bones with 
definite lines of calcification at the joints; (11) rachitic bones with poor calcification at the 
joints. 

ripheral nerves and those controlling the intestinal movements and secre- 
tory glands are partially paralyzed. Carbohydrate metabolism is affected 
and basal heat production is low. 

Prevention o£ vitamin Bi deficiency is accomplished by feeding whole 
or ground grains containing the germs, wheat bran, and middlings; green 
grass or alfalfa meal; milk; packing house by-products containing glan- 
dular tissue; or other feedstuffs containing vitamin Bi (Table 3, Ap- 
pendix). 

Fowls may be cured of polyneuritis by feeding yeast or pure vitamin 
Bi (thiamin). Vitamin Bi requirements of poultry are given on p. 297. 

Curled toe paralysis. This disease is most often encountered among 
growing birds kept in confinement or in batteries and fed rations con- 
taining a large amount of vegetable protein feedstuffs and a small amount 
of milk. It results from a deficiency of one of the factors of the vitamin 
B-G complex in poultry rations known as vitamin B 2 , vitamin G, or 
riboflavin. 

Symptoms <^ cm[sA toe paralysis include slow growth, ruffled feathers, 
paleness, moving about on the hock joints, toes curling in (Fig. 132), and, 
in advanced stages, lying on the floor with the legs sprawled out. 

Vitamin B 2 or G deficiency among mature birds is indicated by poor 


I 



Fig- 132. Some vitamin B->G complex deficiency diseases. Upper left, ''notched beak" lesion 
I?.; resulting from riboflavin deficiency. (University of California.) Upper right, polyneuritis re- 

suiting from vitamin Bx deficiency. (Ohio Extension Bulletin 115.) Lower left, chick dermatitis 
resulting from a deficiency of pantothenic acid. (Courtesy L. C. Norris.) Lower right, curled 
■ toe paralysis and poor growth resulting from vitamin G or riboflavin deficiency. 


l| hatchability with high embryo mortality the first week, and egg whites 

with little or no greenish opalescence. 

Autopsy may reveal flabby and withered leg muscles and sciatic and 
j brachial nerve degeneration. 

Control of curled toe paralysis is accomplished by providing the birds 
with a green grass range or by feeding good quality alfalfa meal, milk, 
J whey, or other feedstuffs containing vitamin G (Table 3, Appendix). 

! The disease may be cured by feeding yeast or riboflavin. The vitamin 

I B 2 or G requirements of poultry are given on p. 297. 

I Chick dermatitis is due to lack of the vitamin B-G complex known 

j ! as the filtrate factor, or pantothenic acid. It may occur among chicks 

1 deprived of green grass and fed rations containing much vegetable protein 

I feedstuffs and little milk, alfalfa, and wheat by-products. The disease 

j seldom occurs, because of the wide distribution of pantothenic acid in 

poultry feedstuffs. 

Symptoms of chick dermatitis include scabs or crustlike lesions around 
1 the eyes and corners of the mouth (Fig. 132) and on the feet, granular and 

constricted margins of the eyelids with a sticky exudate, peeling off of the 
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skin on the toes, and development o£ wartlike protuberances on the balls 
of the feet. 

Autopsy of chicks affected with chick dermatitis may reveal a puslike 
substance in the mouth and a grayish exudate in the glandular stomach, 
eroded lesions in the gizzard, enteritis of the duodenum, portions of the 
small intestine and ceca distended with gas, and pale-colored liver and 
kidneys. 

Prevention of chick dermatitis is accomplished by feeding green grass or 
alfalfa meal, packing house by-products rich in glandular tissue, milk, 
wheat bran, molasses, and other feedstuffs containing pantothenic acid. 

Chick dermatitis may be cured by feeding yeast, liver, germs of grains, 
or pantothenic acid. The requirements of chicks and layers for panto- 
thenic acid are given on page 297. 

Nutritional encephalomalacia is a disease which affects chicks between 
two and seven weeks old (Fig. 133). It can be produced experimentally 
by feeding chicks rations high in animal fat content. Birds with ap- 
parently the same disease have been observed under practical farm con- 
ditions and fed many different home-mixed and commercial feeds. 

Symptoms of nutritional encephalitis include ataxia, tremors, retraction 
of the head, spasms of the legs, incoordination, prostration, stupor, and 
finally death. 

Pathology of nutritional encephalomalacia is indicated by swelling and 
softening of the cerebellum and sometimes other parts of the brain, edema 
of the brain covering, minute hemorrhages on the surface of the brain, and 
greenish to brownish coloration and shrinkage of the necrotic areas. 

Apparently the cause of the trouble is some factor which impairs the 
capillary circulation of the brain. 

Control for nutritional encephalomalacia involves the use of vitamin E 
(alpha-tocopherol). The addition of green grass, alfalfa leaf meal, and 
wheat bran or middlings to the ration will reduce the losses. 

Experimentally produced nutritional encephalomalacia may be cured by 
adding certain vegetable oils to the ration, such as corn oil, cottonseed oil, 
hydrogenated cottonseed oil (crisco), peanut oil, and soybean oil. These 
oils may prove to be of value when added to practical poultry rations. 

Pullet disease is also known as blue comb, summer disease, housing 
disease, and new wheat feeding disease. 

Symptoms of pullet disease appear to be those of an upset in metabolism. 
Afflicted birds are depressed, lack appetite, and may be constipated or 
show signs of a whitish or watery diarrhea. Some birds may show crop 
distention, and the most of them show a darkening of the head (blue 
comb). The disease occurs most frequently among birds five to seven 
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months o£ age, in the early stages of production, and that have recently 
been housed. in the summer or early fall. 

Pathology of pullet disease includes dehydration, whitish material on 
viscera, mucus in intestine, paleness of kidneys, and flabby or ruptured 
ova. 

Control involves feeding a special wet mash in addition to the regular 
feed. The mash may consist of equal parts bran and ground oats mixed 
with milk or with wster, containing about 10 per cent cane molasses to 
make a crumbly mixture. The mash should be fed two or three times 
daily until the trouble clears up. 

Gizzard, erosion. Gizzard erosion disease resulting from faulty nutri- 
tion rarely occurs because of the wide distribution of the preventive factor 
in poultry feedstuffs. Tt is more likely to be found among chicks during 
the first few weeks of the brooding period than among older birds. 

Symptoms include poor growth, paleness, ruffled feathers, emaciation, 
and weakness. 

Autopsy of chicks affected by nutritional gizzard erosion disease reveals 
erosion or necrosis of the gizzard lining, usually at the cardiac end of the 
gizzard (Fig. 133). The lesions are frequently confined to the surface of 
the lining but may penetrate the epithelium and the muscular gizzard 
walls. The lining near the erosion is frayed and loosened in most cases 
and may be brown or black colored. 

Hemorrhages of the capillaries in the sub-mucosa lining are evidently 
the immediate cause of gizzard erosions. 

Prevention of gizzard erosion is accomplished by providing the birds 
with green grass range or by feeding alfalfa meal, packing house by- 
products containing glandular tissue, oats, wheat bran and middlings, and 
soybean meal. Bile and cholic acid also protect chicks against gizzard 
erosion. 

Vitamin K deficiency disease. Vitamin K deficiency results in a blood 
disease characterized by hemorrhages and slow clotting time of the blood. 
It affects growing chicks deprived of natural feedstuffs and may also af- 
fect mature birds. 

Symptoms of vitamin K deficiency include paleness or anemia, excessive 
hemorrhage from minor wounds, cannibalism, and feather picking. 

Pathology of vitamin K deficiency is indicated by small hemorrhages be- 
neath the skin and elsewhere in the body. The hemoglobin content of 
the blood is low and the clotting time of the blood is delayed. 

Prevention of vitamin K deficiency is accomplished by providing birds 
with green grass range or by feeding alfalfa, meat scraps, or fish meal in 
theration. 




Fig. 133. Miscellaneous nutritional troubles. Upper left, perosis, also known as "slipped ten-^ 
don" and hock disease. Upper right, beak necrosis. Feed sticking in the beak has caused 
the deformed beak. Lower left, "crazy chick" disease. Nutritional encephalomalacia shows 
similar symptoms. Lower right, gizzard erosion; top, normal gizzard lining; bottom, eroded 
lining. (Courtesy W, B. Esselen, Massachusetts State College.) 
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Rickets is a vitamin D deficiency disease which inhibits normal min- 
eral assimilation. It affects birds of all ages that are kept in confinement 
unless vitamin D is supplied in some form. 

Symptoms of rickets among growing birds include a wobbly gait, sore 
joints, a tendency to squat down much of the time, ruffled feathers, poor 
growth, crooked bones, emaciation, and death (Fig. 131). 

Rickets among mature birds is indicated by low egg production, thin 
egg shells, poor hatchability, crooked breast bones, and temporary paralysis. 

Pathology of rickets is indicated by soft, spongy bones of low ash 
content; wide zone of uncalcified tissue at the ends of the tibia (Fig. 131) ; 
calluses at the junctures of the sternal and vertebral portions of the ribs, 
and enlarged thyroids. 

Prevention or cure of rickets is accomplished by providing chickens with 
direct sunshine, feeding fish oils or other sources of vitamin D, and by ir- 
radiation under ultraviolet lights. The vitamin D requirements of chick- 
ens are given on p. 297. 

Perosis is also known as slipped tendon or hock disease. It is a bone 
disease affecting the hock joints of growing birds. It occurs most fre- 
quently among chickens which are raised on wire or in confinement and 
fed rations of high mineral content. 

Symptoms of perosis include a slight puffiness of the tissues about the 
hock joint; discoloration due to subcutaneous hemorrhage; or crooked 
legs (Fig. 133). 

Pathology of perosis in indicated by an irregular line of ossification of 
the end of the tibia at the hock joint and the Achilles tendons slipped from 
the condyles. 

Prevention of perosis is accomplished by raising chickens on range or in 
confinement on straw litter rather than on wire; by avoiding an excess of 
phosphorus in the ration; and by feeding alfalfa, oats, middlings, rice 
bran, or a trace of manganese in the ration. 

Chickens in the early stages of perosis may return to normal if the sys- 
tem of feeding and management is corrected. 

The mineral requirements of growing chickens are given on p. 293. 

Gout is a disease that may affect mature birds fed a high protein 
ration and deprived of exercise. It may occasionally occur among grow- 
ing birds. 

Symptoms of gout include swollen and painful joints; nodular or tumor- 
like growths at the joints which may burst, discharging a yellowish turbid 
material; assuming a sitting position; emaciation; weakness; and diarrhea. 

Autopsy findings associated with gout include chalklike covering of the 
internal organs, particularly the heart and heart sac; and swollen, pale 


DISEASES AND PARASITES 


389 


kidneys clogged with urates. The uric acid content o£ the blood is high. 

Prevention and cure of gout is accomplished by reducing the protein 
in the ration and by providing range or feeding green feed. 

In the articular form of the disease, the enlarged joints may be opened 
and the contents washed out. 

Indigestion is the lack or failure of digestion. Mechanical obstruction 
to the passage of food may be a cause of indigestion. 

Crop-bound trouble may result from irregular feeding, partial starva- 
tion followed by giving feed before water, change from confinement to 
range, and feeding coarse, dry, fibrous, or decayed feed. 

Crop-bound condition may be relieved by injecting water into the crop, 
loosening the material by massage, and emptying the crop by gentle pres- 
sure on it with the head of the bird pointing downward. If this fails, it 
will be necessary to open the crop by making an incision on the upper 
part of the organ. Pull the skin which covers the crop wall to one side and 
cut through it; then push it back and cut through the crop wall. Re- 
move the contents and sew up the crop membrane with ordinary thread 
which has been dipped in tincture of iodine. Sew up the skin separately. 
Feed soft feed for a few days. 

Sour crop is indicated by distention of the crop with gases. The condi- 
tion may be relieved by injection of soda water (two teaspoons of baking 
soda in a pint of water) into the crop and forcing the material out by 
massaging while holding the bird by the feet and the head down. 

Constipation may be relieved by giving Epsom salts at the rate of one 
pound per hundred hens in two gallons of drinking water or in wet mash. 
Individual dosage consists of one-half teaspoon of Epsom salts in one to 
two tablespoons of water. It may be given with a hollow tube with a bulb 
on the end of it (Fig. 129). 

Poisoning. Cases of poisoning among poultry are seldom encountered. 
The bird’s sense of taste will usually protect it if it is well fed and kept 
away from unusual, alluring objects. Cases of poisoning are more com- 
mon among birds allowed to run at will than among those kept in con- 
finement. 

Symptoms of poisoning include sudden appearance of a large number of 
birds with dark red combs, elevated temperature, weakness, wobbly gait, 
prostration, limberneck, and high mortality. 

Autopsy findings in case of poisoning may reveal a parboiled appearance 
of the crop, severe inflammation of the intestinal tract, and the presence of 
poisonous substances in the crop or gizzard. 

Causes of poisoning among fowls include spray materials; rat poisons; 
excessive amounts of medicinal products, such as bichloride of mercury or 
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copper sulphate in the drinking water; overdoses 
of parasite remedies, such as nicotine sulphate and 
kamala; dusting and fumigating compounds, such 
as cyanides; decomposed animal tissues; paint 
skins; and rose chafers. 

Control of poisoning may be accomplished by 
shutting the birds off range, giving a laxative, and 
changing the ration. 

External Parasi'ies 

Lice, mites, ticks, and fleas are the most impor- 
tant of the many species of external parasites that 
infest poultry. They cause discomfort, skin irrita- 
tion, loss of plumage, stunted growth, and de- 
creased egg production. External parasites may 
also serve as carriers of bacterial and virus diseases 
from one bird to another. 

Lice. Over two thousand species of bird 
lice have been described, and of these, forty 
or fifty may be found on poultry. An indi- 
vidual may harbor several species. They 
are generally referred to as body lice, head 
lice, shaft lice, wing lice, etc. 

Characteristics of lice. Lice are small, flat- 
tened insects seldom more than one-eighth 
inch in length, and yellowish or gray in 
color (Fig. 134). They live on birds on the 
skin and at the base of the feathers, and 
spend their entire life cycle there. Lice have 
biting and cutting mouth parts and feed 
upon scales of the skin or bits of feathers. 
The biting of lice, together with their sharp 
claws and spiny structure, causes consider- 
able discomfort to birds on which they live. 
Lice seldom leave an individual except by 
accident or to migrate to another individual of the same species. They 
cannot live more than a week or so away from the body of the fowl. 
Lice lay eggs (Fig. 134) at the base of feathers. They are hatched by the 
warmth of the bird’s body in about a week and reach maturity in ten to 
twenty days. 



Fig. 134. Top, the mole head 
fouse, top view, greatly enlarged. 
(U. S. D. A.) Bottom, eggs (nits) of 
the common louse at the base of 
the feather. 
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The body louse is probably the most common parasite of poultry. It is 
most easily located in the region below the vent. In cases of bad infesta- 
tion, the body louse may also be found on the back, breast, and under the 
wings. Body lice cause skin irritation and may produce scabs and blood 
clots. They infest chickens, turkeys, and other species of poultry. 

The head louse is found on the head and neck of chickens and turkeys. 
It is dark gray in color and about one-tenth inch long. It may cause 
serious damage among young chicks and poults. 

The shaft louse is found along the shaft of the feathers and seldom on 
the skin. It feeds on the barbs of the feathers and the scales along the 
shafts. 

Turkeys, ducks, geese, pigeons, other fowls, and wild birds are infested 
with several other species of lice. 

Control of lice. Poultry may be rid of lice by dusting, dipping, greas- 
ing, or fumigating. One should keep in mind that the treatment must 
reach the skin where the lice feed and that it must last long enough to be 
effective against the young ones that hatch. Otherwise, more than one ap- 
plication is necessary. 

Dusting once with sodium fluoride or sodium fluosilicate kills the lice 
on birds and also the young lice that hatch from the eggs. The bird is 
held on a table while the powder is applied next to the skin under the 
feathers as follows: one pinch on the head, one on the neck, two on the 
back, one on the breast, one below the vent, one on the tail, one on each 
thigh, and one on the underside of each wing. 

DDT used in 10 per cent strength as a dust is of about the same value 
as the dust form of sodium fluoride for the eradication of lice. It does not 
prevent reinfestation after two or three weeks, which is approximately the 
life cycle. 

Dipping once with sodium fluoride solution (one ounce per gallon of 
water) is done more easily and requires less material than the dusting 
method. The water should be about body temperature and the dipping 
should be done only on a warm day or when the birds can be kept in a 
warm place until dry. The birds should be held by the wings and 
plunged into a tub filled with the solution, the head being left out while 
the feathers are ruffled with the hand to allow the solution to penetrate 
to the skin. The head is then ducked once or twice; the bird held for a 
few seconds to drain; and then released. 

Greasing with mercurial ointment (one part of metallic mercury in six 
to twelve parts of vaseline) is effective against lice on birds and the young 
lice that hatch from the eggs matted in the feathers. Take an amount of 
ihe mixture abq^^ the size of a pea and rub it into the skin at a point about 
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one inch below the vent. In severe infestations, a small amount should be 
applied on the back of the head for eradication of head lice. Care should 
be taken not to leave an excess of the ointment on the feathers where 
birds can pick it off, because of the danger of mercurial poisoning. The 
greasing method should not be used on setting hens or on breeding stock 
just prior to or during the breeding season. 

Fumigating with nictotine sulphate has been used successfully for 
eradicating lice. The solution is applied to the top of the perches (about 
eight ounces per hundred feet of perch space) with a brush, about fifteen to 
twenty minutes before the birds go to roost. The heat from the bird’s 
body aids in the liberation of fumes of nicotine which penetrate the 
feathers and kill the lice. The material should be used on a warm, still 
night. This method kills body lice and nearly all head lice, but does not 
harm the eggs, A second and possibly a third application at ten-day 
intervals will be necessary to kill the young lice that hatch from the eggs. 
The house should not be closed tightly during the night of the application 
as enough fumes may be retained in the house to injure the birds. 

Mites (Ascarina) 

Mites are closely related to spiders. There are several species which in- 
fest poultry. They have different habitats and require different methods of 
control. 

The roost mite is a very small gray insect which lives in cracks and 
crevices about the perches, under boards, and in fecal material and litter 
near the perches and nests. Great numbers of mites attack a single bird at 
night when on the roost and suck its blood. After feeding, the mites ap- 
pear red. They crawl back to their hiding places and lay eggs. A female 
lays about four eggs in twenty-four hours and feeds again before laying 
another four eggs. The cycle may be repeated eight or more times. The 
eggs hatch in about two days during warm weather. The young mites 
reach maturity in about a week (Fig. 135). 

One should keep a close watch for mites in the summer time and at all 
times of the year in heated houses. The birds attacked by mites appear 
unthrifty and pale as a result of the loss of blood. Pens badly infested with 
mites have a characteristic odor. New houses and equipment are just as 
likely to become infested as old ones. Patches or colonies of the mites may 
be seen by lifting up the perches and looking underneath them or by 
loosening caked manure or litter about the perches or nests. These appear 
as gray or reddish masses of the small insects. 

Mites are spread by English sparrows and by moving fowls from place 
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Fig. 135. The life cycle of the common roost or red mite. 


to place, as a few mites remain on the fowls during the day. They may 
live without food for several months. 

Clean, dry, well-ventilated and well-lighted houses are less likely to be 
badly infested with mites than damp, dirty, and dark houses. The drop- 
ping boards or pits should be cleaned frequently. The perches and nests 
should be painted once or twice a year, after thorough cleaning, with a 
wood preservative containing anthracene oil. This material penetrates the 
wood, does not evaporate readily, and retains its killing power longer than 
most Other compounds. Painting or spraying the perches with crude 
petroleum or crank-case oil is also effective, but the applications have to be 
used more often. 

The feather mite (Liponyssus silviarum). The feather mite, also 
called the northern fowl mite, has infested many flocks in recent years. 
It is more injurious to flocks in the northern states than elsewhere in the 
country. The feather mite resembles the roost mite in appearance but dif- 
fers from it in habitat. The mites are found in greatest numbers below 


394 


POULTRY 


the vent, about the tail, and sometimes on the neck. The feathers on in- 
fested birds have a dirty appearance, owing to the presence of the mites, 
and the skin may be irritated and scabby as a result of the blood-sucking 
habits of the parasites. The mites live among the feathers, lay eggs on the 
barbs, and spend their entire life cycle on birds. 

The feather mites may be spread by wild birds or by transporting fowls 
from farm to farm. 

Several simple treatments are effective against feather mites. 

An ointment, consisting of one part of pulverized napthalene flakes and 
two parts of vaseline, rubbed into the skin around the vent and tail will 
rid birds of feather mites. 

The application of nicotine sulphate to the perches as for lice eradica- 
tion (p. 392) is effective against feather mite infestation. Three applica- 
tions at three-day intervals should be made. 

The depluming mite (Cnemidocoptes gallinae'). The depluming 
mite is a small itch mite which lives at the base of the feather. The in- 
tense irritation causes the bird to pull out its own feathers. In severe cases 
the bird may loose nearly all of its feathers except the large ones on the 
wings and tail. 

Repeated applications of sulphur ointment (one part sulphur in four 
parts of vaseline or lard) will destroy the depluming mite. 

Dipping birds in a tub of water containing two ounces of orchard spray 
sulphur and one ounce of laundry soap to each gallon will destroy the de- 
pluming mite. The treatment should be used during a warm day or in a 
warm house and the birds thoroughly soaked in order that the material 
will reach the base of the feathers and the skin. 

The scaly leg mite is a small itch mite which burrows under the scales 
of the shanks. The severe irritation causes an accumulation of grayish, 
dry debris and a loosening of the scales. The shanks appear to be en- 
larged and rough (Fig. 136). In severe infestations the bird may become 
lame and the feet deformed. Chickens, turkeys, other species of poultry, 
and game birds may become infested by the scaly leg mite. 

The life cycle is spent on the bird. The mites lay eggs as they burrow 
their channels beneath the scales. The eggs are hatched and the young 
grow to maturity beneath the scales of the shanks. 

Birds may be cured of scaly leg mite infestation by soaking and washing 
off the crusts and scales with warm soapy water, drying the shanks, and 
then dipping them in a mixture of one part kerosene and two parts of raw 
linseed oil. 

Chiggers. The small, almost microscopic chiggers which annoy man 
may also infest poultry that run on range. They collect in groups, cause 







Legs of a chicken as they commonly appear with scaly leg. (Ohio Extension Bui- 


extreme irritation, and small abscesses are formed where they feed. 
Chiggers may cause mortality among growing stock and unthriftiness 
among adult stock. 

1 Chigger infestations may be prevented by hatching chicks early and by 

I keeping them off ranges where the mites occur. 

Frequent light dusting with flowers of sulphur will keep the chigger 
mite infestation under control. In case of severe infestation, the applica- 
tion of sulphur ointment as used for the depluming mite (p. 394) is ef- 
fective. 


Ticks AND Fleas 

These parasites are common infestations of poultry in the southern 
St3.tCS» 

The fowl tick (Argas persicus). The fowl tick generally infests 
chickens but may also infest other species of poultry. It is a blood- 
sucking insect about one-fourth inch in length. The life history of ticks is 
much like that of the roost mite in that they hide and lay eggs in cracks 
or secluded spots and attack the birds and suck blood. Ticks may live for 
many months without food. 

A wood preservative containing anthracene oil or an oil spray applied 
to the perches as in the treatment for the roost mite (p. 393) is effective 
against tick infestation. 
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Fleas {EcMdnophaga gallinacea). The chicken flea, or sticktight 
flea, is a common parasite of poultry in the southern states. The fleas 
attach themselves to the comb, face, earlobes, and wattles and remain 
there for several days. They lay eggs while attached to the birds. The 
eggs incubate in the litter or on the ground in about a week. The young 
fleas feed upon the droopings. They go through a series of developmental 
stages and then attack birds. The entire life cycle requires thirty to sixty 
days. 

Flea infestation is rather hard to prevent because the fleas are carried by 
dogs, cats, rats, and wild birds. Dust on the floor and the soil under the 
poultry house are ideal places for flea development. 

Dogs, cats, and other carriers of fleas should be kept away from the 
poultry houses. In case of infestations, the houses should be cleaned and 
the houses and yards sprayed with creosote oil. 

Fowls may be treated with the sulphur ointment recommended for de- 
pluming mites (p. 394) , 


Internal Parasites 

Internal parasites of poultry include the round and flat worms. There 
are no symptoms specific enough for diagnosis. Birds should be autopsied 
and the worms found. Most species of worms are large enough to be seen 
with the naked eye. 

Worms cause stunted growth, emaciation, weakness, and death among 
growing stock, and poor vigor and low egg production among mature 
birds. The extent of the injury will depend upon the age when infested 
and the severity of the infestation. Worms • cause obstruction to the 
passage of food; injure body tissues, thereby making birds more susceptible 
to bacterial and virus infections; produce toxins; and use the bird’s food 
for their own growth and reproduction. 

Worms reproduce by eggs which are passed out with the droppings. 
They must undergo incubation outside the body or in an intermediate 
host before they are infective. Birds become infested by eating material 
from contaminated soil or litter and by eating intermediate hosts such as 
insects and worms. 

Worms 

Roundworms are usually long and cylindrical. Their location is gen- 
erally more varied than that of tapeworms, different species being located 
in different parts of the body. There are many different species of round- 
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Fig. 137, Roundworms from the small intestines of a chicken and a portion of intestine filled 
with roundworms. 


worms. The principal ones are the large and small roundworms and the 
ceca worms. 

Large roundworms (Ascaridia Uneatd). Large roundworms may be 
found in birds of all ages, but cause most serious damage among birds 
under three months of age. 

Symptoms of large roundworm infestation are unthriftiness, drooping or 
sagging of the wings, paleness of the head, and emaciation among young 
stock. Lowered egg production and emaciation are symptoms among 
mature birds. 

Autopsy of birds infested with large roundworms reveals grayish-white 
slender roundworms one and one-half to four inches in length in the 
small intestine. They may be so numerous as to completely plug the 
intestine (Fig. 137). They may penetrate the intestinal wall during 
growth, thereby causing injury and loss of blood, and permitting bacterial 
infection. 

Occasionally a roundworm may wander up the oviduct from the cloaca 
and become enclosed in an egg. 

Life history of the large roundworm is illustrated in Figure 138, The 
worms lay microscopic eggs in the intestinal tract which are passed to the 
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Fig. 138. Life cycle of the large roundworm and cecom worm of poultry. Note the incuba- 
tion stage in soil. 


outside with the droppings o£ the bird. Under favorable conditions of 
warmth and moisture they incubate and become infectious in from ten to 
sixteen days. The embryonated worm is liberated from the shell when 
the egg is eaten along with other material picked up from contaminated 
soil or litter. The young worms may burrow into the wall of the intestine 
for a period after hatching and cause considerable dam.age to the lining. 
They then return to the intestine and grow to maturity in about two 
months from date of hatching. 

Prepention of large roundworm infestation is accomplished by the use 
of clean range; elimination of wet, shady places in the chicken yard; isola- 
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tion o£ young birds from old ones; avoidance of wet litter in the brooder 
house; and the use of a starting and growing ration of good protein and 
vitamin content. 

Treatments may be used for roundworm infestation, but they will be 
only temporarily effective unless the source of infestation is eliminated. 
Some of the treatments are as follows: 

No, 1. Give each bird a No. 2 capsule containing .35 gram of a mixture 
of 6.6 cubic centimeters of a 40-per cent nicotine sulphate and 16 grams of 
Lloyd’s alfcaloidal reagent (a selected fuller’s earth) . 

No, 2, Give each bird one cubic centimeter of tetrachlorethylene or 
carbon tetrachloride in a gelatin capsule or with a pipette. Care must be 
taken that the drug does not get into the lungs. 

No, 3, A single flock treatment consists of one teaspoon of oil of 
chenopodium, thoroughly mixed with a moist mash for each lot of twelve 
birds. 

No, 4, A preventive flock treatment is the addition to the mash of 2 
per cent by weight of tobacco dust containing at least 1.5 per cent of 
nicotine, and feeding this mixture to the flock for a period of three or 
four weeks. Treatment may be repeated at three-week intervals as often 
as necessary. 

Individual treatments are more effective than flock treatments. In the 
latter method, the birds that need the treatments the worst have a poor 
appetite and do not eat enough of the material for it to be effective. 

For a few days following the administration of vermifuges, the birds 
should be confined sb that the worms and eggs expelled may be removed 
with the litter and burned. 

Gapeworms (Syngamus trachea). Gapeworms cause “gapes” or a 
gasping for breath among chicks during the brooding period. 

Symptoms of gapeworm infestation are dullness, ruffled feathers, loss 
of appetite, stretching of the neck with a yawnlike opening of the beak, 
convulsive shaking of the head, sneezing cough, expulsion of frothy saliva 
from the beak, and high mortality. 

Autopsy examination of the trachea of birds infested with gapeworms 
reveals inflammation of the lining, an accumulation of mucus, and the 
presence of small, slender, reddish roundworms one-fourth to one and 
one-half inches in length, clinging to the inner lining. 

The life cycle of gapeworms is direct. The microscopic eggs are 
coughed up, swallowed, and expelled with the feces. They undergo in- 
cubation and may hatch outside the body. Either the embryonated eggs 
or the worms cause infestation when contaminated soil, litter, feed, or 
water is consumed. The young worms reach the lungs within a week 
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and in another week or so will have matured and become imbedded in 
the trachea. 

Earthworms play an important part in the spread of gapeworms. The 
eggs may be eaten by earthworms and these in turn by fowls. Turkeys 
and guinea fowls may carry gapeworms throughout their whole life and 
thus may serve as a source of infestation for chicks and young turkeys. 

Control measures include clean range, isolation of young stock from 
old birds, and keeping birds shut up until the dew has dried off and the 
earthworms have crawled back into the soil. 

Treatment consists of mechanical removal of worms by insertion of a 
small quill feather which is stripped of all its web except a small tuft at 
the end. The feather is rotated, the worms entangled, and the feather 
then removed. Moistening the feather with kerosene or turpentine will 
help loosen the worms. 

Cecal worms (Heterakis gallinae). The common cecal worm of 
poultry occurs in the ceca of chickens, turkeys, ducks, and geese. It is a 
small, white, roundworm three-tenths to one-half inch long and may 
occur in very large numbers, causing a serious inflammation of the ceca, 
especially in young chicks. This parasite may also carry the protozoan 
which causes blackhead in turkeys. 

The life cycle is very similar to that of the large roundworms. The 
eggs voided in the droppings become embryonated in seven to twelve days. 
When taken into the body, they hatch in the small intestine and become 
encysted in the walls of the cloaca. After a short time they return to the 
lumen of the ceca and develop into adults. The entire life cycle requires 
eight or nine weeks. 

The eggs have a thick shell and may remain infectious after a year or 
more in the soil. Earthworms ingest cecal worm eggs, and birds may be- 
come infested by eating these worms or by ingesting food contaminated 
with their excreta. 

Prevention measures against cecal worm infestation include general 
sanitary measures, rotation of yards, and isolation of young chicks from 
old birds. 

Treatment for cecal worm infestation is the use of a mash containing 
.5 per cent phenothiazine. The mixture is moistened with water to make 
a crumble mash and fed after the regular feed is withheld for two or three 
hours. The use of this mash for a six- to eight-hour period will remove 
nearly all of the cecal worms. 

Small roundworms (Capillaria amulata)* As with the large round- 
worms, small roundworm infestations may be found in chickens, turkeys, 
and game birds of all ages. 
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Symptoms o£ small roundworm infestation include droopiness, anemia, 
muscular weakness, loss of appetite, foul breath, emaciation, twisting of 
the neck, and paralysis of the legs. 

Autopsy of birds infested with small roundworms reveals the presence 
of delicate, slender, colorless, hairlike worms one-half to one inch m 
leno-th in the gullet, crop, small intestine, or ceca. The worms are hard 
to see with the naked eye unless the sections of the intestinal tract are 
suspended in clear water. Crop infestation results in milky fluid crop 
contents with a foul odor, inflammation and thickening of the crop wall, 
and the formation of a necrotic false membrane. Intestinal species may 
be found in the lumen of the intestine or threaded in the surface of the 

mucous membrane. ■ t r. 

Ufe history of small roundworms varies with the species, it may be 
direct as in the case of the large round and ceca worms or it may require 

earthworms as intermediate hosts. 

Prevention of small roundworm infestation should include the same 
sanitary measures used for large roundworm control. _ 

Treatment for small roundworm infestation is only partially effective. 
Carbon tetrachloride, given in one cubic centimeter doses, as for round- 
worms, and repeated in seven days is partially effective. 

Gizzard worms {C heilospirura hamulosa). Gizzard worms intest 

chickens, turkeys, water fowls, and game birds. 

Symptoms of gizzard worm infestation include dullness, loss of appe- 
tite, emaciation, weakness, and death. 

Autopsy of birds infested with gizzard worms reveals the presence of 
slender, reddish, roundworms one-half to three-fourth inch in length in 
the musculature of the gizzard near the entrance of the proventnculus. 
Nodules may be present on the surface of the gizzard in this region._ 

The life cycle of the gizzard worm requires the grasshopper as an inter- 
mediate host. The eggs, passed out with the droppings, are eaten by 
grasshoppers. The larvae hatched from the eggs undergo development 
in the muscles of the grasshopper and become infective in a few weeks. 
If the grasshppper is eaten by a susceptible bird, the larvae are set free 
and grow in the gizzard of the fowl and reach maturity in two or three 

'^°Pr^vention of gizzard worm infestation includes frequent removal of 
the litter and droppings and confinement of birds to runs with short, thick 

vegetation rather than free range having tall, dry vegetation. _ _ 

Treatment for gizzard worm infestation is only partially effective. The 
carbon tetrachloride treatment used for small roundworms may also be 
used for gizzard worms. 
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Eye worms (Oxyspirura mansont). Eye worms may infest chickens, 
turkeys, and wild birds. They are most common in the southern states. 

Symptoms of eye worm infestation include constant winking of the 
eye, frequent rubbing of the head on the feathers of the wing, the scratch- 
ing of the eye with the foot, puffy and inflamed eyes, and a discharge 
from the eyes and nose pasted over the feathers. 

Autopsy of birds infested with eye worms reveals small, white, thread- 
like worms approximately one-half inch long beneath the nictitating mem- 
brane of the eye. Firm pressure applied to the tear sac at the inner corner 
of the eye will cause the worms to wiggle out over the eyeball, where 
they may be seen. 

The life history of the eye worm requires an intermediate host. The 
cockroach is one of the hosts. It eats the eggs and the larvae develop in 
its body. When fowls eat infested cockroaches, the worms are liberated 
in the crop. The worms crawl up the gullet to the mouth and then 
through the tear ducts to the eye. 

Prevention of eye worm infestation consists of eradication of hiding 
places for cockroaches such as boxes, boards, and other unnecessary equip- 
ment. Frequent removal of litter and droppings will also help remove 
the sources of the worm eggs for the roaches. 

Treatment for eye worm infestation consists of dropping 'two or three 
drops of a 5 per cent solution of butyn into the eye as an anesthetic; lift- 
ing the nictitating membrane and putting a drop or two of 5 per cent 
creolin directly on the worms; and, immediately after applying the creolin, 
washing the eye thoroughly with warm water. 

Glandular stomach worms (Tropisur us americanus). The glandu- 
lar stomach worm affects chicks during the growing period. 

Symptoms of glandular stomach worms include poor appetite, weak- 
ness, anemia, emaciation, diarrhea, and death. 

Autopsy of birds infested with glandular stomach worms reveals a swell- 
ing of the proventriculus, inflammation, hemorrhage, and destruction of 
the glands. 

The life history of glandular stomach worms requires grasshoppers and 
cockroaches as intermediate hosts. Eggs picked up by these insects hatch 
within their bodies and the larvae develop in their muscles. When fowls 
eat the infested insects, the larvae are liberated and enter the glands of the 
proventriculus. 

Prevention of glandular worm infestation consists of frequent removal 
of droppings and litter and keeping fowls away from cockroaches and 
grasshoppers. 

There is no effective treatment for glandular worm infestation. 
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Tapeworms {Cestoda)* Tapeworms infest chick- 
ens, turkeys, and other species of poultry and wild 
birds. Infestations appear to be most noticeable in the 
fall or early winter. Tapeworm infestation is more 
detrimental among young than old birds. 

Symptoms of tapeworm infestation include droopi- 
ness, ruffled feathers, diarrhea, weakness, paleness of 
comb, twisting of the neck in unnatural positions, and 
lameness or paralysis in one or both legs. 

Autopsy of birds infested with tapeworms reveals 
the presence of flat, white, segmented, ribbon-like 
worms fastened to the wall of the small intestine (Fig. 

139) . They may vary from microscopic dimensions in 
some species to ten inches in length in others. Nu- 
merous proturberances or nodules may be observed on 
the outer surface of the small intestine opposite the 
joints of attachment of species of small tapeworms to 
the inner lining. The nodules may consist of pus or 
greenish-yellow necrotic material. Intestinal catarrh is 
common. 

The life history of tapeworms requires intermediate 
hosts such as flies, earthworms, beetles, grasshoppers, 
and ants (Fig. 140). The worms attach themselves to 
the intestinal wall by means of heads (scolexes) pro- 
vided with hooks or suckers, or both. Segments con- 
taining eggs grow from the head or neck part of the 
die worm. The segments break off and pass out with 
the droppings. The intermediate hosts eat the eggs, 
hatch them, and develop the young worms into a 
bladder-worm stage. When the flies, earthworms, grasshoppers, or other 
carriers of tapeworm larvae are eaten by fowls, all except the heads of the 
bladder worms are digested. The heads attach themselves to the mucous 
membrane of the small intestine where they develop segments and start 
another generation. 

Prevention oi tapeworm infestation consists of using clean range or 
keeping birds in confinement, raising young birds separate from old birds 
and quite a distance from them, avoiding manure piles or keeping them 
screened away from flies, using well-drained and aerated range, and rais- 
ing birds in screened-in brooder houses. 

for tapeworm infestation is not satisfactory. Some treat- 
ments “shear’’ off most of the segments but leave the tapeworm heads 
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Fig. 139. Large tape- 
worms attached to 
the small intestine of 
a fowl. 
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Ftg. 140. Diagram of the various stages in an indirect life history of a tapeworm or round- 
worm, parasitic in poultry. 


attached. New chains of segments form and begin to pass out with the 
droppings in two or three weeks. Kamala and some other treatments 
that have been recommended in the past not only are ineffective against 
tapeworm removal but are harmful to the birds. No treatment can be 
recommended until research develops a means of reaching and killing 
the heads of poultry tapeworms. 

Flukes (trematodes). Fluke worms are not common parasites of poul- 
try at the present time. In recent years they have been found in the skin, 
proventriculus, cloaca, and oviduct of chickens in some of the north 
central states. Birds having access to swamps may become infested. 

Symptoms of fluke worm infestation of the cloaca and oviduct are dull- 
ness, loss of weight, paleness, and decreased egg production. 

The skin fluke impairs the health of the fowl and produces cysts in the 
skin in the abdominal region and around the vent. The cysts are smooth 
and shiny, grayish white in color, and vary from two to ten millimeters 
in diameter. Most of them show a small black pore through which the 
eggs are passed. 

Autopsy of fowls infested with fluke worms may show peritonitis and *' 
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collapsed ovules containing grayish-yellow material mixed with fibrin and 
pus. The proventriculus may be enlarged and inflamed. 

Close examination o£ the ajffected tissues reveals the presence of small, 
flat, unsegmented, leaflike, reddish worms one-sixth to one-fourth inch 
long. 

Since fluke worms infest the oviduct and cloaca, they may be found 
occasionally in eggs. 

The hfe history of the oviduct fluke involves snails and dragon flies. It 
has been found in crows and English sparrows and may be spread by 
them. 

The skin fluke worm has been found in English sparrows and may be 
spread by them. 

Control of fluke worm infestation may be accomplished by keeping 
chickens fenced away from ponds, swamps, and other wet places, and 
thus preventing them from eating dragon flies. 

English sparrows should also be kept away. 

Protozoal Diseases 

Protozoa are microscopic, single-celled animals. Many species occur 
in nature but only a few of them are pathogenic. The two most common 
protozoal diseases of poultry are coccidiosis and blackhead. 

Coccidiosis (Eimeria aviuni), Coccidiosis is a disease of the small in- 
testine and ceca of chickens and other birds. It is most inj urious among 
chickens six to ten weeks old, but may affect older or younger birds. 

Symptoms of coccidiosis among growing stock include droopiness, 
ruffled feathers, eyes closed, diarrhea, droppings streaked with blood, poor 
appetite, emaciation, paleness, and greatest losses six to ten days following 
the onset of symptoms (Fig. 141). 

Symptoms of chronic coccidiosis among older birds include paleness, 
loss of appetite, ruffled feathers, droopiness, emaciation, and leg weakness 
or paralysis. 

Autopsy findings among growing chickens infected with coccidiosis 
include swollen, darkened, and firm ceca; inflamed and thickened cecal 
walls; and contents consisting of yellowish, cheesy, blood-stained material 
(Fig. 141). 

Autopsy findings among older birds infected with chronic coccidosis 
include thickened and inflamed intestinal wall of the small intestine in 
the region of the duodenal loop, grayish white spots showing on the outer 
intestinal surface, and a sticky mucous exudate covering the inflamed and 
hemorrhagic areas lining this portion of the intestine. 
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Fig. 141. Top, bad coses of coccidiosis. (Courtesy W. A. Biilings, University of Minnesota.) 
Center, enlarged ceca from a fowl infected with coccidiosis. (Courtesy C. E. Lampman, Uni- 
versity of Idaho.) Bottom, the life cycle of coccidiosis. (California Agricultural Experiment 
Station.)' , , . . 
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Microscopic examination of the scrapings from inflamed areas and the 
intestinal contents of birds infected with coccidiosis reveals the presence 
of coccidia in some stage of development. The odcysts appear as round 
oval bodies having a dark center, clear surrounding zone, and a double 
wall. 

The lije cycle of coccidiosis is direct (Fig. 141). The oocysts, which 
are the largest and most resistant stage of the organism, are passed out 
with the droppings from an infected fowl. Under favorable environ- 
mental conditions of warmth and moisture outside the body, the oocysts 
sporulate in one to three days with the formation of sporocysts. The 
sporulated oocysts are infective if picked up by a susceptible bird. Devel- 
opment continues after ingestion with the formation of small, spindle- 
shaped bodies (sporozoites). The sporozoites are released from the 
oocyst shell and enter the epithelial cells of the intestine, where they de- 
velop into forms known as schizonts. The schizonts give rise to small 
sporelike forms called merozoites. The schizont to merozoite to schizont 
cycles .are repeated several times in the intestinal wall with resultant 
hemorrhage and injury of the mucous membrane. 

The merozoites finally develop into male and female forms and, after 
union, oocysts are again formed and passed out in the droppings. The 
complete life cycle generally requires from four to ten days. 

Sporulated and nonsporulated oocysts are quite resistant to adverse en- 
vironmental conditions because of their protective shell. They may live 
for a year or more in the soil. Disinfectants are not very destructive to 
oocysts unless they remain in contact with them for a considerable time. 
Coccidia oocysts are killed by high temperature and drying and their 
sporulation is inhibited by low temperature. 

There are at least six different species of coccidia which infect chickens. 
They are differentiated by their location in the intestinal tract and by dif- 
ferences in time required for the life cycle. 

Prevention of coccidiosis is possible by the use of a clean house, equip- 
ment, and range.; keeping young and old birds quite a distance apart; 
avoidance of damp litter or wet places on range; and the prevention of 
contaminated litter or soil from being carried on the brooding premises 
by the attendant, dogs, cats, rats, wild birds, flies and other insects, clean- 
ing equipment, catching crates, and feed sacks. 

Treatment for coccidiosis is the use of an all-mash ration containing 
5 per cent sulfaguanidine for a period of about two weeks. The use of 
40 per cent dried milk in the ration for about a week, with frequent chang- 
ing of the litter, is also an effective treatment for birds which are infected 
with this disease. 
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Blackhead (Histomonas meleagridis). Blackhead or enterohepatitis 
is the most common disease that affects turkeys. It may also infect chick- 
ens and other species of poultry. Blackhead causes greatest losses among 
turkeys from one to three months old. It is described under turkey dis- 
eases in Chapter Sixteen. 

Spirochetosis. This disease or one similar to it has been observed 
among chickens in some of the southern states. It is transmitted by ticks. 

Symptoms of spirochetosis include drowsiness, paleness, loss of appetite, 
ruffled feathers, diarrhea, weakness, prostration, paralysis, and death 
within three to fifteen days. 

Autopsy in case of spirochetosis infection reveals an enlarged liver with 
small white spots, paleness of organs, and inflammation of the intestines. 

The causative organism is found in the blood as a long, wavy, screw- 
like, microscopic protozoa. 

Control of spirochetosis consists in keeping poultry away from sources 
of tick infestation. 

Treatment with the use of arsenical drugs such as Salvarsan and atoxyl 
has been advocated. 

Trichomoniasis is a protozoal disease that has been observed among 
growing chickens and turkeys. 

Symptoms of trichomoniasis infection include paleness, droopiness, foul 
odor, and subnormal temperature. 

Autopsy examination reveals a chronic ulceration of the crop and oc- 
casionally the gullet and proventriculus. Rough, protruding, yellowish, 
tumor-like projections are firmly imbedded in the mucosa and may partly 
close the lumen. 

Control of trichomoniasis infection is accomplished by keeping growing 
stock on range away from dirty wet places and moldy or decomposed 
litter. 

In case of an outbreak, change the range and give milk to drink or add 
copper sulphate to the drinking water (one part in two thousand). 

Mold Diseases 

Mold diseases are also known as mycoses. They are produced by fungi 
or low forms of plant life. Fungi are widely distributed in nature, but 
only a few of them are pathogenic for poultry. The chief mold diseases 
of poultry are aspergillosis, thrush, and favus. 

Aspergillosis is a fungus disease of the lungs and air sacs. It is most 
common among growing chickens and turkeys, but may affect any species 
of poultry of any age. 
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Symptoms o£ aspergillosis infection include poor appetite, darkened 
comb, droopiness, high temperature, diarrhea, sneezing, gasping for 
breath with a croupy sound, suffocation, and death. 

If the infection has reached the small air sacs and hollow spaces of the 
bones, there may be lameness and swollen, inflamed joints among the in- 
fected birds. 

Aspergillosis may affect a single bird or a large percentage of the flock. 
Young chicks die within a few days after the onset of symptoms. Older 
birds may live for three or four weeks. 

Autopsy of birds infected with aspergillosis shows whitish or yellowish 
nodules in the trachea, lungs, and air sacs in the early stages of the disease. 
They may be easily confused with lesions caused by pullorum infection 
or brooder pneumonia. Later the walls of the respiratory passages are 
covered by elevated, dirty-yellow or greenish layers of mold growth, and 
the air sacs may become filled with yellow pus. 

Microscopic examination of material taken from the lesions reveals the 
presence of the filaments and spores of the fungus, Aspergillus fumigatus 
(Fig.127). 

Control of aspergillosis infection is accomplished by preventing birds 
from inhaling or eating the mold spores of the fungus. Birds showing 
symptoms of the disease should be removed as soon as noticed. 

Aspergillosis mold may be found in moldy litter, feed, droppings, and 
dust material. Healthy fowls may inhale the spores without injury, but 
when resistance is lowered through faulty nutrition or close confinement 
in damp quarters, inhaling the organisms may cause mortality. 

There is no satisfactory treatment for aspergillosis infection. 

Thrush is a yeastlike fungus disease of the mouth and upper digestive 
tract. It has been observed most frequently among young birds, but may 
affect poultry of any age. 

Symptoms of thrush infection include poor appetite, weakness, emacia- 
tion, and a slimy mucous material in the mouth. 

Autopsy examination of birds affected with thrush reveals the presence 
of grayish-white or yellowish patches on the mucous membrane of the 
mouth, whitish ulcers in the crop, brownish or mucoid deposits in the 
glandular stomach, and ulcers in the gizzard. The lesions may be so 
small in young chicks that they may be overlooked. 

Microscopic examination of the lesions reveals the presence of the yeast- 
like fungus, Monilia albicans or Oidium (Fig. 127). 

Co w/ro/ of thrush infection consists of the prevention of healthy birds 
from eating contaminated feed or litter and drinking from contaminated 
vessels. 
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The fuagus may be spread by way o£ the feeders, drinking vessels, litter, 
and possibly by egg shells. The period of incubation is about a month. 

In case of an outbreak, use one part copper sulphate in 2000 parts water 
as the drink for a few days, dispose of sick birds, and clean and disinfect 
the premises. 

Favus is a rather uncommon fungus disease of the unfeathered part 
of the head, particularly the comb. 

Symptoms of favus infection include yellowish-white scaly lesions on 
the surface of the skin of the head, and, in bad cases, loss of feathers or 
broken ones on the neck and body. 

Control of favus infection is most easily attained by disposal of all in- 
fected birds. Since the disease may be transmitted to man, one should 
use care in handling affected birds in order to avoid the introduction of 
the organism into cuts or scratches. 

Favus infection may be cured by one or more applications of an oint- 
ment of formaldehyde and vaseline (one part formalin in twenty parts 
of vaseline). 


Bacterial Diseases 

Bacteria are widely distributed in nature. Most of them are beneficial 
to man and animals. A few are pathogenic. The principal bacterial dis- 
eases of poultry are pullorum, fowl typhoid, cholera, and tuberculosis. 

PuIIorum (bacillary white diarrhea). Pullorum is a common and wide- 
spread disease which may affect poultry of all ages. It is the most fre- 
quent cause of mortality in the first three weeks after hatching. Pul- 
lorum may also cause economic losses by reduced egg production and 
hatchability, and mortality of mature birds (Fig. 142). 

Symptoms. One of the chief symptoms of pullorum infection among 
chicks is high mortality in the first three weeks after hatching, with the 
peak about the tenth day. Chicks may die suddenly without apparent 
symptoms. In most cases, however, they huddle under the hover with 
closed eyes and drooping wings (Fig. 142). Their droppings may be 
whitish, foamy, and sticky, or sometimes brownish in color. The material 
may stick to the down in the region of the vent, resulting in the condi- 
tion known as ‘‘pasting up behind.” Chilling or overheating of chicks 
causes a diarrhea very similar to that produced by pullorum. 

Mature birds generally show no outward symptoms, since the disease 
is usually localized in the ovaries. Some of the diseased hens lay at a low 
rate or quit laying entirely, while others become thin and weak and show 
signs of diarrhea. 



Fig. 142. Pullorum disease, left-upper, chicks infected with puHorum disease in the incuba- 
te? may show necrotic spots in the lungs. (Courtesy L. P. Doyle, Purdue University.) Left- 
lower, appearance of chicks infected with pullorum disease. (Courtesy L.P. Doyle, 

University.) Right-upper, graphic illustration of pullorum control. (U. S. D. A. Farmers Bui- 

letin 1652.) Right— lower, normal ovary above and an ovary from a bird with pu lorum is- 


ease below. (After Rettger.) 


Autopsy examination, Pullorum-infected chicks that die during the 
first four or five days often fail to show any lesions. Those dying after 
this time may show firm, whitish spots in the lungs (Fig. 142). This is 
often the case when chicks become infected in the incubator by mhalmg 
down or dust which carries the germs. The lung lesions naay be confused 
with those caused by brooder pneumonia or mold infection. Absresses 
may be found in the wall of the gizzard, in the liver, and in^the heart 
muscles. A white stringy material may cover the heart. While all of 
these changes are typical of pullorum in the chick, the only sure diagnosis 



* y’’®, pullorxm test. Upper left, a general view of a set-up for testing. 
(U. S. D. A.) Upper right, a fable for holding birds. Lower left, a testing cabinet containing a 
can of hot water and holder for the antigen bottle; test plate or paper; stock bottle of anti- 
gen;Joop and needle holder; and antigen dropper. Lower right/ a section of a test paper 
showing positive (+) and negative reactions. (Courtesy Columbus Vaccine Company.) 
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is to find the organism {Salmonella pullorum'). It is found most often by 
making bacterial cultures from the heart blood, liver, lung lesions, and 
unabsorbed yolk. 

Hens usually show lesions in the ovaries (Fig. 142) . Some of the yolks 
are angular, shrunken, hard, and brownish or greenish in color. Pullo- 
rum infection in the ovary may be confused with ovarian tumors. Defi- 
nite diagnosis depends on isolation of the pullorum organism from the 
ovary by bacterial culture. The bacteria may localize in other parts of 
the body. Pullorum infection may cause discolored testes in males and 
inflammation of the heart muscles of males and females. 

Control. Pullorum disease may be controlled by removing birds which 
have the disease from the breeding flock and selling them for meat. 
Carriers of pullorum disease may be detected by a blood test. There are 
two practicaj tests in use. 

The whole blood test involves a drop of blood from the bird and a drop 
of stained pullorum antigen. A drop of antigen is placed on a test plate; 
a drop of blood obtained with a wire loop from a pricked wing vein is 
added and the mixture stirred with the loop. If the bird has the disease, 
flakes appear in the mixture within a minute (Fig. 143). If the bird does 
not have the disease, no flakes appear in the mixture. 

The standard tube test involves the use of definite amounts of blood 
serum and a pullorum antigen. A few cubic centimeters of blood are 
collected in a vial by puncturing the brachial vein. After the blood has 
clotted, a definite amount of serum (usually .04 or .08 cc.) is removed 
and added to an agglutination tube. Two cubic centimeters of pullorum 
antigen (a suspension of dead pullorum bacteria) are added to the ag- 
glutination tube, the mixture shaken, and incubated over night. If the 
bird has the disease, the bacteria are agglutinated and settle to the bottom, 
leaving a clear liquid in the tube. If the bird does not have the disease, 
the suspension in the tube remains turbid. 

The whole blood test is gaining in popularity because it involves less 
labor and necessitates only one handling of the birds. 

Sanitation in the incubator is a further means of controlling the spread 
of pullorum disease. Increasing the humidity in the incubator to 90 to 
95 °F. wet bulb reading during the hatch will help to keep dust and down 
from flying in the machine. 

Thorough cleaning of the incubator between hatches will also lessen the 
chances of spreading pullorum by means of dust and down. 

Fumigation oi incubator with formalin between hatches is a good 
means of killing pullorum bacteria and other microorganisms that may 
be present in the machine or on the eggshells (p. 182). 




Fig. 144. Fowl typhoid. Above, symptoms include drowsiness, pale or darkened comb, and 
drooping wings. Below, technique for preventive vaccination. 

The use of sanitary feeders and waterers help reduce the spread of 
the disease. 

Treatment of an infected group of chicks by adding .5 per cent sulfa- 
merazine in the mash feed for about a week will reduce the mortality. 

Fowl typhoid is an infectious septicemic disease of chickens and other 
domestic birds. It is most common among mature birds but may also 
affect young stock. 

Symptoms of birds infected with fowl typhoid are drowsiness, ruffled 
feathers (Fig. 144), paleness, and yellowish or greenish diarrhea. The 
course of the infection in acute cases is from two to ten days. In chronic 
cases the birds may live for several weeks and show few visible symptoms 
of the disease. 
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Autopsy examination o£ birds infected with fowl typhoid reveals en- 
larged livers, dark in color, and often with a greenish sheen. The liver 
is usually dotted with tiny grayish spots and has a tendency to break 
easily. The spleen and kidneys are usually enlarged. The heart may be 
pale and have grayish, firm nodules of varying size in the heart wall. The 
blood is thin, pale red, and does not clot easily. The lining of the intestine 
is pale or may show a slight inflammation. The intestinal contents ire 
usually slimy and yellowish. 

Definite diagnosis depends on isolation of the causative organism of 
fowl typhoid {Salmonella gallinarum) by bacteriological culture methods, 
from the tissues of the body. 

Spread of fowl typhoid is by way of the droppings from infected to 
healthy chicks. It may be spread from one bird to another by contami- 
nated soil, litter, feed, or water. It may be introduced into the flock by 
infected fowls, wild birds, or on the feet of animals or people. 

Control of fowl typhoid consists in the removal of all infected or sus- 
picious birds as soon as symptoms of ill health are noticed; use of clean, 
sanitary feeders and waterers; frequent change of litter and the use of a 
liberal amount of it; and keeping birds away from contaminated yards 
and range. In other words, use every means possible to keep healthy 
chickens from coming in contact with the droppings from infected birds. 

In case of a fowl typhoid epidemic in a community, it is advisable to 
vaccinate the flock as a preventive measure. One to two cubic centimeters 
(depending on size of bird) of a fowl-typhoid bacterin, made from 
Salmonella gallinarum, are injected beneath the skin. The inoculation 
is usually made beneath the skin covering the breast muscles on the bare 
spot beneath the wing (Fig. 144) . 

The pullorum test used for detecting carriers of pullorum also detects 
carriers of fowl typhoid. This is true because the organisms causing the 
two diseases are much alike and produce cross agglutination. 

Carriers of other Salmonella infections, such as aertrycke and paratyphi, 
may also be detected by the pullorum test. ‘ 

Birds vaccinated against fowl typhoid infection should not be tested 
for pullorum infection for at least three weeks after the vaccination. 

Fowl cholera is a highly infectious septicemic disease of all domestic 
birds. It may affect birds of all ages and appear in acute or chronic form. 

Symptoms oi fowl cholera vary with the severity of infection. In acute 
outbreaks, the finding of dead birds on the roosts or in the nests may be 
the first indication of infection. These birds may have appeared perfectly 
healthy only a short time before. In the less acute forms, the first symptom 
is yellowish coloration of the droppings. This is followed by yellowish, 
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brownish, or greenish diarrhea. The 
comb turns a bluish-red, the body tem- 
perature increases, and there is loss of 
appetite and increased thirst The bird 
. ' becomes drowsy and sleeps a great deal 

. r' ; of the time with the head drawn down 

; to the body or tucked backward and 

^ V L . . resting on the feathers about the wing. 

Respiration is difficult and at times an 
accumulation of mucus in the mouth 
anid air passages may cause a rattling 
noise as the bird breathes. 

, - <''' The chronic form of fowl cholera in- 

■ fection is indicated by paleness, emaci- 

ation, and a lack of activity. Lameness 
may be present in prolonged cases as a 
result of joint infection by the germs. 

' In some cases the birds have “colds” 

accompanied by gasping and swelling 
of the head and wattles. When first 
' , ” swollen, the wattles are soft and warm; 

later they become hard and cold. 

- Cholera may destroy a large number 

• of birds in the flock in a few days and 
then disappear, or may remain in 
' chronic form for months, only occa- 

Fig. 145. Hemorrhages and red spots sionally killing a bird. 

may be found on the hearts of chickens examination of birds iu- 

that die of cholera. (Illinois Station i • r i i i • i 

Circular 441.) fected With cholera may show sticky 

mucus in the mouth and air passages, 
reddish discoloration of the skin and breast muscles, a congested and 
darker than normal color of internal organs, light- or dark-colored liver 
covered with small white foci, swollen spleen, red spots or hemorrhages 
on the surface of the heart, inflamed duodenum with hemorrhages of the 
inner lining, congested blood vessels supplying the visceral organs, con- 
gestion and small hemorrhages in the lungs, and yellow cheesy deposits in 
various parts of the body (Fig. 145). 

In chronic cholera cases there may be pus in the lungs and air sacs; 
soft, flabby, and irregular ova; and rupture of ova in the body cavity. 

Positive diagnosis depends on finding the Pasteurdla avicida bacteria in 
the heart blood or organs of the body. 
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Fig. 146. Extent of avian tuberculosis in the United States. 


Spread of fowl cholera is by way of the droppings from infected to 
healthy birds. It may be carried by wild birds and insects and on the 
feet of animals and on equipment. Birds that have recovered from the 
disease may be carriers. 

Control of fowl cholera is accomplished by killing and burning any 
birds that have the acute feverish symptoms. Remove the litter fre- 
quently. Use clean, sanitary feeders and waterers. Avoid the use of con- 
taminated yards or range. Keep flies and wild birds away from the prem- 
ises in so far as possible. Infected flocks recover with less mortality if kept 
in warm, sanitary, and uncrowded houses. 

Infected wattles may be removed by surgical amputation. 

A whole blood test with the use of Pasteurella avicida stained antigen 
may be used to detect chronic carriers of fowl cholera. 

Fowl tuberculosis. Avian tuberculosis is a chronic infectious disease 
of poultry and wild birds. It is most commonly observed in birds more 
than a year old. The chief areas of avian tuberculosis infection are 
shown in Figure 146. 

Symptoms of fowl tuberculosis include paleness, weakness, emaciation, 
loss of muscle meat from the breast bone, lameness, diarrhea, complete 
exhaustion, and death. In a few instances the disease may be well estab- 
lished in birds that appear to be in good condition. 

Autopsy txzxnmmon reveals characteristic grayish-white or yellowish 
tumors of varying sizes in the liver, spleen, and intestines (Fig. 147). 
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Fig. 147. Lesions of the viscera indicating tuberculosis. Left, viscera of a normal bird; right, 
the liver, spleen, and mesentery of the small intestine show grayish, granular, tubercular 
lesions. 

These tubercles when cut open show a solid, grayish, or glistening interior. 
Those in advanced stages of development show yellowish, cheesy, or 
crumbly masses in their interior. 

Positive diagnosis depends on finding Mycobacterium tuberculosus 
in the lesions. 

Spread of avian tuberculosis infection is by way of contaminated water, 
feed, litter, or soil. It may be carried from flock to flock by infected fowls, 
wild birds, rabbits, rats, mice, and equipment. Swine are susceptible to 
avian tuberculosis and cattle may become infected from swine. 

Control of avian tuberculosis is accomplished most satisfactorily by dis- 
posal of the entire flock. The birds in good condition may be sold for 
meat purposes and the thin ones should be killed and burned. 

The old birds may be disposed of in the spring and the building, equip- 
ment, and yard thoroughly cleaned and allowed to remain empty during 
the summer. Young chicks may be raised on clean range and later housed 
in the buildings that have been idle. It is a good plan to dispose of all old 
birds at least a month before chicks are brought on the farm. 

Colds (coryza) and roup. Colds are common respiratory infections that 
affect poultry and wild birds of all ages. A chronic cold is also known as 
ocular roup. Colds cause lowered egg production. 

Symptoms of coryza are watery eyes; thin serous discharge and then a 
thick, sticky, fouksmelling discharge from the nostrils; sinuses filled with 
mucus which dries to a cheesy form, causing a swelling of the face about 
the eye (Fig. 148) ; and yellowish patches in the mouth. 



Fig. 148. Chronic cold and ocular roup. Note the swollen face, exudate from the nostril, 
and mouth open for forced breathing. (Ohio Extension Bulletin 115.) 

Autopsy examination reveals no additional characteristics. 

Hemophilus gallinarum h2.cttvi2i m2iy be isolated from cultures taken 
from the respiratory tract. 

Control of colds and roup may be accomplished by removing all sick 
birds as soon as symptoms are observed, feeding a good ration containing 
an abundance of vitamin A, eradication of external and internal parasites, 
prevention of drafts and sudden changes in temperature in the house, 
keeping the house clean and dry, and preventing overcrowding. The use 
of cold and roup bacterins are of doubtful value. 

In case of an outbreak, feed .5 per cent sulfathiazole in the ration for a 
period of four or five days and use clean drinking vessels. Set up a 
brooder stove in the house to keep the birds warm, the house dry, and to 
secure ventilation without drafts. The birds may be sprayed at night with 
one of the sprays recommended for colds or bronchitis. These sprays will 
not cure the trouble, but may relieve discomfort by drying up the discharge 
of mucus. 

Individual treatment may be used if the bird is valuable enough to war- 
rant it. Wash the nostrils and eyes with a warm solution of baking soda 
(one teaspoon in a cup of water) or salt water (one teaspoon in a quart). 
Irrigate the nasal passages with one of the above solutions by means of a 
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special nasal irrigator. In case of se- 
vere swelling beneath the eye, open the 
spot with a sharp knife; press out the 
cheesy material; and wash the wound 
with one of the above solutions. 

Botulism (limberneck). Botulism 
is an acute disease of poultry and 
wild birds characterized by weakness 
and prostration. The first symptoms 
are dullness and leg weakness. These 
are soon followed by paralysis of the 
neck, wing, and leg muscles ^Fig. 149). The bird appears lifeless. The 
feathers are loose and may be plucked easily. Death may be sudden or 
the bird may linger for several hours. 

Botulism is caused by a toxin produced by the Clostridium botulinum 
bacteria. It is a soil organism that grows out of contact with air. It may 
grow and produce toxin in dead animals, closely packed hay, and in 
canned foods not thoroughly cooked. 

In case of an outbreak, shut the birds off the range until the source of 
the trouble has been located and removed. Give the birds a laxative as in 
case of poisoning. Do not feed spoiled canned food to chickens unless it 
has been thoroughly cooked to destroy the toxin. 

Navel infection (omphalitis). Navel infection is also known as “mushy 
chick disease” among hatcherymen. It is a rather uncommon disease that 
occurs among chicks the first day or so after hatching. 

Symptoms of navel infection among chicks are drowsiness, mushy and 
puffed appearance of the abdomen, death within a few hours after the 
first symptoms, and high mortality the first seventy-two hours after 
hatching. 

Autopsy examination of birds having navel infection shows a parboiled 
red color of the abdominal skin and muscles, accumulation of water and 
gas in the abdominal cavity, pale and swollen liver and kidneys, and fluid, 
putrid contents of the yolk sac. 

Several kinds of bacteria have been isolated from cases of navel infec- 
tion. The causative organism has not been definitely established. 

Control of navel infection may ne accomplished by the use of strict 
sanitation in incubators. Incubators should be thoroughly cleaned and 
fumigated between hatches (p. 182). 

In case of an outbreak, fumigate the incubators between hatches with 
three times the strength of formalin used at hatching time. It may also 
be necessary to clean, disinfect, and fumigate the egg, incubator, and 



Fjg. 149. Limberneck or botulism. (Ohio 
Extension Bulletin 115.) 
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battery rooms to destroy the disease germs in the chick hatchery. 

Apoplectiform septicemia is a rapidly fatal bacterial disease which 
may affect chickens, turkeys, pigeons, and other fowls. 

Symptoms include sudden death or depression, listlessness, staggering 

gait, prostration, and finally death. c i i • 

Autopsy examination of infected birds shows discoloration of the skin 
of the breast and neck caused by subcutaneous hemorrhages; serous or 
bloody exudates in the heart sac and body cavity; swollen liver, spleen, 
and kidneys; and congested intestines and lungs. 

Bacterial cultures from the blood reveal the presence of Streptococcus 

capsulatus gallinarum. ... , r 

Control of apoplectiform septicemia infection involves the use of the 
same sanitary measures as used for the control of cholera and fowl typhoid. 

Healthy fowls may be vaccinated against apoplectiform septicemia y 
the intravenous injection of a killed culture of the causative organism. 

Virus Diseases 

Viruses are believed to be living organisms, so small that they cannot be 
seen with the microscope. The proof of their existence is the ability to 
produce disease by introducing body tissue, or fluid which contains thetn. 
All infectious diseases, where a causative organism has not been isolated, 
are generally classed as virus diseases. The principal poultry virus diseases 
are fowl pox, infectious bronchitis, range paralysis, and fowl plague. 

Fowl pox has also been called chicken pox, contagious epithelioma, 
canker, avian diphtheria, and sore head. It is a highly infectious disease 
affecting the head and mouth of chickens, turkeys, other poultry, and 

"^'fIwUox usually occurs in the fall and winter, but may occur at any 
time It generally affects birds during the first year of production, but 
may affect younger or older birds. Fowl pox slows up and may stop 
production. The losses may vary all the way from few or no deaths to 

of iovApox are watery eyes and a discharge from the uosmls, 
as in the case of colds; and small, grayish, raised blister-hke spots that 
appear on the comb, face, and watdes and ^u^ed by a drying and 
darkening of the lesions to form warty-hke scabs (Fig. m). _ _ 

The severity of the disease depends on the extent of diptheric deposits 
in the mouth. These are first thin, whitish, or yellowish in color, and the 

become thicker, firmer, and harder to remove. ^ „ nf 

The period between exposure to fowl pox and the appearance of the 



Fig. 150. Fowl pox and its control. Above, the dark nodules or scabs are fowl pox lesions 
Below, wing vaccination by the stab method for prevention of fowl pox. ^ 

first symptoms of the disease varies from three to fifteen days. The dura- 
.tion of the disease varies from two or three days to as many weeks in acute 
cases and may last in a flock in chronic form for several months. 

The fowl pox virus gains entrance to the body through a break in the 
skm. 

^pread oi iowl pox is by contaminated material and by close contact. 
The disease may be carried from farm to farm by fowls that have had the 
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disease or have been vaccinated recently, by mosquitoes and other biting 
insects, by ■wild birds, and by equipment 

Control of fowl pox is accomplished by using preventive measures. 
There is no satisfactory treatment. If the disease is present in the flock in 
chronic form or if it has caused trouble during the past two or three years, 
it is advisable to vaccinate all birds that have not had the disease. 

In case of an outbreak of pox among birds that are already in production, 
the flock should be vaccinated with the pigeon strain of fowl pox vaccine. 
Its action is milder than that of the fowl strain and does not cause so great 
a loss in egg production. 

In preventive vaccination in pullet flocks, the birds should be vaccinated 
with a fowl strain of pox vaccine when the birds are six to fifteen weeks 
old. Later, vaccination gives the birds a “set back” in development. 
While the fowl strain of pox vaccine is more severe in its action than the 
pigeon strain, it is believed to provide more lasting immunity. 

Vaccination for prevention of fowl pox is carried out by making a break 
in the skin and introducing a little of the vaccine mixture. In the feather 
follicle method, three or four leg feathers are plucked and the vaccine 
added to the spot with a brush. In the more recent stab method, two 
sewing machine needles are pushed through a cork with the points about 
one-fourth inch apart. The wing is stretched out and the web is pierced 
from the under side, thus making four vaccination points through the 
double layer of skin simultaneously (Fig. 150) . The eyes of the needles 
take up sufficient vaccine to make the single stab effective. 

The reaction denoting a “take” may be observed in five to seven days. 
The site of vaccination will show inflammation and later the formation 
of a scab which will drop off in three or four weeks. 

Infectious bronchitis (laryngotracheitis). Infectious bronchitis is also 
known as infectious tracheitis, influenza, or flu. It is a highly infectious 
respiratory disease of chickens, but may also affect turkeys, ducks, pheas- 
ants, and wild birds. The disease is widely distributed in the United 
States. Losses may run from less than 5 per cent to as high as 80 per 
cent of the flock. Infectious bronchitis is more prevalent, lasts longer, and 
causes greater mortality among birds six months to one year old than 
among older or younger birds. It occurs most frequently during the fall 
and winter months. Infectious bronchitis, common among birds three 
to twelve months old, appears to be a different disease from chick bron- 
chitis (p. 425), 

of laryngotracheitis are watery eyes, lack of activity, coughing, 
sneezing, shaking the head, gasping for breath (Fig. 151 ), coughing up of 
bloody mucus, strangulation, and possibly sudden death. 
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Fig. 15K Infectious bronchitis (laryngotracheitis). Above, typical symptoms. Below, cloacal 
vaccination for prevention. 

The disease may go through the flock in one to two weeks or it may 
com inue for a month or more. 

- Autopsy examination of birds infected with laryngotracheitis reveals an 
mflumed glottis and trachea, presence of yellow cheesy material, and the 
nostrils and mouth filled with a sticky mucoid exudate. 


DISEASES AND PARASITES 


425 


Spread of infectious bronchitis is by way of contaminated feed, water, 
and litter, and by close contact. The virus is present in the exudate in the 
mouth. It may be carried by apparently healthy birds, that have recovered 
from the disease, and by wild birds and equipment. 

Control of laryngotracheitis is accomplished by strict sanitary measures 
and by preventive vaccination. Birds showing symptoms of bronchitis 
should be removed from the flock as soon as noticed. Prevent drafts, 
sudden changes in temperature, and overcrowding in the house. 

In case of an outbreak, use the same measures as for colds (p. 419). 
Inhalents will check the discharge of mucus in the respiratory passages. 
If the mucous discharge can be checked, fewer birds will die as a result 
of strangulation. 

Vaccination with laryngotracheitis vaccine may be used for prevention 
of the disease. It should be used only on farms where the trouble has 
caused losses during the past two or three years. Vaccines should be used 
only when there is a definite need for them, because they are a means of 
introducing the living virus diseases on the farm. 

Cloacal vaccination is used for the prevention of infectious bronchitis in 
a flock and for preventing the spread from infected birds to healthy ones 
in case of an outbreak. The bird is held by an assistant and the upper part 
of the vent is rolled open with the thumb and forefinger (Fig, 151). A 
stiff brush moistened with vaccine is rubbed back and forth across the 
mucous membrane until a slight redness is produced. 

Five days after vaccination a “take"’ is indicated by a reddened and 
swollen membrane at the point of vaccination, which is also covered with 
mucus. 

Birds may be vaccinated for both fowl pox and infectious bronchitis at 
the same time (between six and fifteen weeks of age). 

Chick bronchitis. An infectious bronchitis is sometimes found in 
hatcheries, battery brooder rooms, and in brooder houses. It is caused by 
a different virus from that which causes laryngotracheitis in older birds. 

The causative organism is probably carried into the hatchery on egg- 
shells or egg cases. Fumigation of incubators and eggs between hatches 
(p. 182) will prevent the spread of disease in machines. In case of an 
outbreak in a hatchery, it may be necessary to fumigate the incubator 
room as well as the incubators. 

In case of an outbreak of chick bronchitis in a battery room or brooder 
house, use an inhalent until the chicks are removed. Then the room and 
equipment should be thoroughly cleaned and fumigated. Use forty cubic 
centimeters of formalin and twenty grams of potassium permanganate 
crystals per hundred cubic feet of room space. Have the room closed 
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tightly, the temperature 70 or higher, and the floor wet with hot water. 
Pour the formalin over the potassium permanganate crystals in earthern- 
ware vessels, spaced at various points about the room. Leave the room 
closed for three or four hours after the fumigation. Do not return in- 
fected chicks or those that have had the disease to the room after fumiga- 
tion. They are carriers of the disease and will return it to the premises. 

Fowl paralysis (leucosis). Fowl paralysis is also known as range paraly- 
sis, lymphomatosis, neurolymphomatosis, and leucosis. The disease here 
described is a distinct virus disease and should not be confused with vari- 
ous types of paralysis, lameness, or leg weakness resulting from vitamin 
deficiencies, parasite infestations, or bacterial infections. It affects chickens 
between the ages of six weeks and eighteen months, but the highest in- 
cidence of the disease occurs between the ages of four and twelve months. 
The mortality may reach as high as 75 per cent. 

Symptoms, The symptoms of leucosis vary with the strain of the infec- 
tive agent and the course of the disease. 

The paralysis form is first indicated by a drooping of the wing or a 
partial paralysis of one or both legs (Fig. 152). In a short time the bird 
is unable to stand and is not able to reach feed or water. The muscles of 
an affected leg often shrink or wither. Affected birds generally have a 
healthy appearance, except for the paralysis, and a good appetite. They 
may show digestive disturbances as indicated by a diarrhea. 

The blindness form is indicated by a fading of the color of the eye. It 
changes from the usual reddish-bay to a gray (Fig. 152). In severe cases 
the pupils fail to respond to light. The eye sometimes bulges out and the 
bird becomes totally blind. The birds may continue to find the feed and 
water and lay well for a time after they lose their eyesight. 

The leucosis or leukemic form is indicated by paleness, loss of weight, 
and weakness. The affected birds resemble those affected with chronic 
cocci diosis. The birds may live for several weeks. 

The tumor form seldom shows any external symptoms. Lumps may 
be found in a few instances on almost any part of the body. 

The above forms of the disease may be due to the same or different 
viruses. Investigators are not in agreement on this point at the present 
time. 

Birds infected with leucosis seldom, if ever, recover. 

Autopsy examination. In case of leucosis accompanied by paralysis, the 
plexuses and large nerves leading to the affected legs or wings may be 
enlarged and yellowish-gray instead of the normal whitish-gray color. 
The cross striations characteristic of normal nerves are lost, and nodules 
may be present anywhere along the affected nerve (Fig. 152). 
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Fig 152. Fowl paralysis or leucosis. (See also Figure 33.) Left-upper, typical symptoms of 
tht' paralysis form. Left-lower, "white eye" lesion, a symptom of leukemia. N®™"' 
left and diseased eye at right. Right, leg nerves of normal fowl at left and of leucemic fowl 
at right. (Courtesy W. R. Graham, University of Illinois.) 


In case of the leukemic form of the disease, the liver, spleen, and kidneys 
are usually enlarged, grayish-red in color, and soft arid flabby. The liver 
may be spotted with brownish or gray areas and easily ruptured. • 

In case of the tumor form of leucosis, the masses of abnormal tissue 
may be found about the ovary, liver, spleen, kidneys, and other tissues of 
the body. The tumors vary gready in size. They are generally grayish 
or yellowish in color. The centers of the tumors are generally necrotic 

and yellowish in color. - 

Microscopic examination of the blood generally reveals the presence ot 
ah unusually large number of white blood cells (Fig. 33). Examination 
of the nerves and other tissues of the body shows infiltration of massive 

numbers of white blood cells. . _ . u k 

Control. There is no known treatment for leucosis. It is generally be- 
lieved that chickens become infected when quite young. The developn^nt 
of symptoms of the disease requires a month or more after infection.^O d 
birds are believed to be carriers of the disease. Young chic^ probably 
become infected by contaminated feed, litter, water, or range. The disease 
may be carried by flies and other insects, wild birds, animals, and equip- 
ment. Young stock should be raised separate from old stock and as tar 

away from them as possible.. 
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Birds showing any of the symptoms of leucosis should be removed frorr^ 
the flock as soon as noticed. Those showing only the eye symptoms of the 
disease may be sold for meat. 

In case of an outbreak which may cause heavy losses, dispose of the 
entire flock. Clean and disinfect the buildings and allow them to remain 
idle for a month or more. Restock the farm with birds from a flock 
where the disease has not occurred or from one that is no longer bothered 
with losses from leucosis. 

Another procedure is to hatch from hens and cocks rather than from 
pullets and cockerels. Birds that live through an outbreak of paralysis 
have some immunity against the disease. Data being obtained in various 
parts of the country indicate that it may be possible to breed strains of 
chickens that will have resistance against leucosis infection. 

Fowl plague, also known as fowl pest, is a common virus disease in 
Europe. A few outbreaks have occurred in the United States. 

Symptoms of fowl plague include ruffled plumage, loss of appetite, 
droopiness, darkening and swelling of the comb and wattles, and, in 
advanced cases, a clogging of the eyes and nostrils with a sticky exudate. 
Death usually occurs in from two to five days. A high percentage of the 
flock may die within a few days. 

Control of fowl plague requires rigid sanitation. Remove, kill, and 
burn diseased birds. Remove the remainder of the flock to clean quarters. 
Thoroughly clean and disinfect buildings and equipment. 

Newcastle disease is a virus infection of chickens. It has been reported 
in England and the Orient. 

Affected birds show loss of appetite, increased respiration, diarrhea, dark 
combs, frothy exudate from the mouth, congestion of the respiratory 
passages, small hemorrhages of the heart muscle, and catarrhal enteritis of 
the duodenum. 

The disease is very similar to fowl plague and like it may be transmitted 
by contaminated feed, water, litter, or soil. 

Control of Newcastle disease should be handled like that of other acute 
infectious diseases, by destruction of sick birds and rigid sanitation. 

Psittacosis is a virus disease of parrots and some other species of birds. 
It may be spread to laboratory animals and man. 

In parrots the disease is characterized by weakness, prostration, diarrhea, 
and death. Persons contracting the disease from birds or laboratory ani- 
mals develop pneumonia. 

Strict sanitary measures are necessary for the control of psittacosis. 

Epidemic tremors is a disease of chicks up to six weeks of age. It is 
probably caused by a virus. 
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Affected chicks show a constant trembling. Handling increases it. The 
trouble stops during sleep. Mortality may reach 50 per cent. No method 
of control is known. 

Diseases Associated with Egg Production 

Diseases of the reproductive organs, associated with egg production, 
account ^or most of the losses of noninfectious nature among laying hens. 
The piincipal diseases associated with egg production are “pick outs/’ 
rupture of the oviduct, egg bound, and ruptured yolks. 

Pick outs. This trouble is usually encountered among pullets during 
the first weeks of egg production. If the bird, after laying an egg, does not 
remain on the nest or away from the other birds until the everted cloacal 
membrane is withdrawn, the other birds are attracted by the red mem- 
brane and begin picking it. The cloacal membrane becomes bruised and 
swollen and hemorrhage may result. In bad cases, the entire cloacal area 
is picked away and the bird dies from hemorrhage. 

Injured birds should be removed as soon as noticed. Pullets should be 
trained to lay in nests by placing birds in them that have a habit of laying 
on the floor. Bright light should be excluded from the house in case 
“pick out” trouble is encountered. 

Pick guards, specs, or shields (Fig. 153) may be placed on pullets when 
housed to prevent “pick outs.” If they are placed on laying birds, there 
may be a slump in egg production for a time. 

Prolapse of oviduct. The oviduct may come loose and protrude from 
the vent when a bird lays an egg. The blood which accompanies the 
prolapse and the oviduct itself attract other birds and the injured one is 
picked to death unless it is promptly isolated. The trouble is most common 
during the, late winter or early spring and affects high-producing birds. 

There is no satisfactory treatment. Affected birds, observed and re- 
moved soon after the prolapse, may be used for meat. 

Feeding vitamin D and oyster shell and encouraging exercise by the 
use of range reduce the troubles from prolapse. 

Rupture of oviduct. Internal rupture of the oviduct may result from 
severe inflammation, an attempt to pass large eggs, or from injury. The 
breaking of the oviduct permits yolks or fully formed eggs to pass into the 
body cavity. The yolks may rupture and the contents dry out, forming 
a yellow coating over the viscera. The material interferes with the normal 
functioning of the abdominal organs. 

Yolks or even whole eggs may get loose in the body cavity and cause a 
protruding abdomen (Fig. 154). 




Fig. 153. Devices for preventing cannibalism. The upper three are pick guards; the large 
devices at lower left and center are pick-out shields; and the one at lower right is ''hen 
specs." 


There is no treatment for rupture of the oviduct. The use of low 
perches and nests, careful handling of birds, and feeding well-balanced 
rations will reduce the number of case;,. 

Data being collected at Ohio State University indicate that rupture of the 
oviduct and other reproductive troubles is largely a family characteristic 
and may be controlled through breeding. 

Egg bound. Egg-bound trouble occurs most frequently among pullets. 
It results from attempts to pass 'large or double-yolked eggs through an 
oviduct that is too small for their passage. Birds appear listless and make 
frequent attempts to lay. 

As a means of treatment, the bird may be placed on its back, a finger 
greased and inserted into the oviduct, and the egg worked toward the 
cloaca by the finger and pressure on the abdomen. 

eggs may collect in the oviduct, resulting in its rupture, and 
may cause a bird to assume the posture of a penguin (Fig. 154). 

Ruptured yolks. A yolk may rupture and flow into the body cavity or 
into the oviduct. When it flows into the body cavity, it covers the internal 
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Fig/ 154. Miscellaneous poultry troubles. Top/ posture of birds with ruptured oviduct and 
eggs loose in the body cavity. Center: procedure for amputation of frozen combs or for 
dubbing. Bottom— left, tumors of the viscera. Note the light-colored masses throughout the 
liver and small intestine. Bottom— right, bumble foot. Note the swollen foot and the lesion 
on the bottom and between the toes. 
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organs and gives them a yellowish cast. The accumulation of yolk mate- 
rial in the peritoneal cavity may result in peritonitis and death. 

If the yolk ruptures in the oviduct, it adheres to the walls, causes a 
thickening of the membranes, and leads to a catarrhal peritonitis. 

Rupture of yolks may be caused by cholera (p. 415), rough handling, 
fright, flying on and off of high perches and nests, and by faulty nutrition. 

Miscellaneous Diseases 

A number of diseases of poultry are caused by injury or undesirable en- 
vironment, while still others are caused by microorganisms or conditions 
that are not well understood. These diseases have been classed as miscel- 
laneous. They include cannibalism, heat prostration, frozen combs and 
wattles, edema of the wattles, necrosis of the beak, pendulous crop, sod 
disease, bumble foot, vent gleet, and tumors. 

Cannibalism. Cannibalism may be encountered among birds of all 
ages. Among chicks, the trouble is confined to toe and tail picking. 
Among mature birds, the vent, tail, and comb are the regions most fre- 
quently picked. 

The trouble generally breaks out among overcrowded birds that are 
kept in close confinement. Birds picking at a wound of an injured chick 
or picking at the tails of birds in front of them at the feeders, may get 
the habit of cannibalism started. Housing pullets of different ages or 
stages of maturity together, birds laying eggs on the floor, and prolapse 
of oviduct or hemorrhage from egg laying are other things that may lead 
to cannibalism. 

Cannibalism may be controlled by darkening the windows in the house, 
providing range, use of oats in the ration, the use of pickguards or specs 
on mature birds, and the removal of all injured birds as soon as observed. 
Sometimes a few birds are the cause of all the trouble. It is desirable to 
watch for them and remove them from the flock. At times the use of one 
of the above suggestions is sufficient for control of the trouble, while in 
other cases more than one of them need to be used. 

The wounds of injured birds should be painted with pine tar or an 
“anti-pick” compound. One such compound consists of a mixture of four 
ounces of vaseline, one-fourth ounce of carmine, and one-half ounce of 
aloes. ‘ " 

Heat prostration. Mature fowls are better able to withstand extremely 
cold than extremely hot weather. During extremely warm days, appar- 
ently healthy hens may die of heat prostration. 

Helpful preventive measures against heat prostration are shade, ven- 
tilated nests, and an ample supply of water. 
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Frozen combs and wattles. Birds having large combs and wattles may 
have them frozen during extremely cold temperatures in the house. The 
frosted parts become swollen and painful, bluish-red in color, and the 
severely frozen portions slough off. 

If discovered early, the affected parts may be thawed out with cold 
water and thoroughly greased with vaseline. 

Amputation of badly frozen combs and wattles will hasten recovery 
(Fig. 154). The comb or wattle is cut off with tinner’s shears or some 
other dull shears which crush as they cut. The crushing of the tissues and 
blood vessels helps to prevent hemorrhage. Searing the cut surface with 
a hot knife, addition of a few drops of an alcoholic solution of ferric 
chloride, dusting with powdered alum, or the application of a little ground 
mash feed to the wound will aid in stopping the bleeding which may 
result from the operation. 

Dubbing is the term commonly used to designate the removal of the 
combs and wattles of growing stock to prevent freezing during the en- 
suing winter. The combs and wattles may be trimmed from young Leg- 
horns by means of small sharp scissors when the birds are about four 
weeks old. There is little or no bleeding when the operation is performed 
at this age. 

Edema of the wattles. This disease is characterized by a hot, swollen 
wattle filled with a fluid which later changes to a hard cheesy nodule. 
Edema of the wattle is more common among males than females. 

The cause of edema of the wattle is not known. The causative organ- 
ism for fowl cholera (p. 415) and other bacteria have been isolated from 
the lesions. The trouble may start from an infection in a wound of the 
wattle. 

The affected wattle may be removed like frozen wattles. 

Necrosis of the beak. This trouble is caused by the packing of finely 
ground mash feed in the mouth. It may accumulate under the tongue or 
along the edges of the upper and lower mandibles. The accumulation of 
feed interferes with the closing of the mouth and results in abnormal 
respiration. The mouth becomes dry, inflammation sets in at the site of 
feed deposit, and secondary bacterial infections may result. 

The trouble may be prevented by avoiding the use of finely ground 
mash or by using more fiber in the mash. The use of a large amount of 
ground wheat in the ration may cause the feed to stick in the mouth. 

Affected chicks may be cured by removing the adhering food material 
and washing out the mouth with salt water (p. 419). 

Pendulous crop. Enlarged pendulous crops may be found among birds 
of the heavy breeds of chickens and among growing poults two to three 
months of age. 
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The trouble may be caused by irregular feeding. Consumption of a 
large quantity of feed or water or both at a given time may cause a weaken- 
ing of the crop wall which will not return to normal. 

Keeping feed and water before birds of all ages at all times, preventing 
overheating in houses, and providing shade on range will help prevent the 
trouble. 

Sod disease# This is a rather uncommon disease that affects the feet of 
young chickens and even mature birds that have access to grass range. 

Symptoms of sod disease are blisters between the toes, swollen and tender 
feet, thick scabs, and possibly the loss of a part of the foot. 

The disease is known as vesicular dermatitis, but the causative organism 
is unknown. 

In case of an outbreak, confine the birds to plowed ground or to the 
house. 

Bumblefoot. Bumblefoot is a term applied to a swollen foot of a fowl. 
The condition, described here, is found most often among laying hens. 

The ball of the foot is hot and swollen. The bird may limp and hold 
the affected foot up. In some cases, both feet are affected. The swollen 
condition is followed by an accumulation of cheesy material in the ball of 
the foot and between the toes (Fig. 154) . 

Bacteriological examination reveals the presence of different kinds of 
bacteria. They probably gain entrance through a break in the skin on the 
foot. 

In treating birds for bumblefoot, the lesions should be lanced, the cheesy 
material pressed or picked out, the cavity washed with salt water (p. 410) 
or 5 per cent carbolic acid solution, and the foot bandaged. The wound 
should be dressed daily until the bird recovers. 

Vent gleet. Vent gleet is a disease of mature birds. It is characterized 
by a severe irritation, a watery discharge that becomes foul smelling, and 
a reddened area around the vent. The fowl will pick at the irritated sur- 
face, and other birds may pick at the swollen and reddened area, causing 
ulceration. 

Affected birds should be removed from the flock, the feathers clipped 
around the vent, the scabs removed by washing with warm soapy water, 
and zinc oxide or mercurial ointment applied to the inflamed area. 

Tumors. Tumors are masses of unorganized tissue which grow inde- 
pendently of surrounding structures and have no physiologic use. Old 
birds are quite likely to have tumors. They are found most frequently in 
the oviduct and ovary, but may occur anywhere in the body or on the 
surface. They vary all the way from baglike structures filled with fluid to 
bard meaty or even bony tissue (Fig. 154) . Tumors may press on nerves, 
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causing paralysis; rupture blood vessels, causing hemorrhage; close the 
respiratory passages, causing suffocation; and cause injury or death in 
many other ways. 

There is no treatment for internal tumors. Some external tumors may 
be removed satisfactorily by surgical means. 


'Keview Questions 


which may be used with more safety on a farm, a bacterin or a- virus? 

Why? ^ . . 

What are some of the factors influencing the severity of an infection. 

What are the chief means of spreading poultry diseases? 

What are the principal diseases that affect growing stock? Mature birds. 
Why is prevention of poultry diseases more practical than treatment? 

. Is it easier to free the poultry yards from internal parasites or from patho- 
genic bacteria? Why? ^ i i * 

. Name a practical disinfectant and describe its use in the poultry house in 

case of an outbreak of disease, 

. What nutritional disease is most likely to be encountered in poultry pro- 
duction? Why? 

Differentiate between nutritional and ocular roup. 

. Differentiate between rickets and perosis, 

. Differentiate between chick dermatitis and fowl pox. 

. What is the control for curled toe paralysis? ^ ^ 

. Nutritional encephalomalacia may be confused with what other chic 

diseases ? 

■. What are some of the indications of rickets among laying hens? 

:. What should be done in case of poisoning in the flock? 

;. Differentiate between the life cycles of lice and red mites. 

What is the most efficient method of treating birds for lice, 
i. In what ways do internal parasites cause injury to fowls? 

). Which is harder to control, round worm or tapeworm infestation. Why. 
). What other troubles may be confused with gapeworm infestation. 

1. Why are cecal worms a menace to turkey production? f 

L Symptoms of tapeworm infestation may be confused with those of what 

3. ^^^''^Sed by tapeworm infestation may be confused with lesions 

caused by what other diseases? . • r .. t.* 5 

4 . Do confined or range birds suffer more from internal parasite infestation. 

5. Do^winter- or spring-hatched poultry suffer more from infectious diseases? 

6 . Sic coccidiosis infection may be confused with what other diseases ? 
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27. What is the method of controlling coccidiosis infection? 

28. What is the life cycle of blackhead? 

29. How are mold diseases spread? 

30. What are the principal bacterial diseases of poultry? 

31. What are the steps in the National Poultry Breeding Plan for the control 
of pullorum disease? 

32. How may one differentiate between egg and incubator pullorum-infected 
chicks ? 

33. What are some of the benefits to be gained by incubator fumigation? 

34. Which is the most practical of the three official pullorum tests? Why? 

35. In testing birds for pullorum infection, what is the tester looking for in 
the blood? 

36. What other disease is so closely related to pullorum that the pullorum test 
also detects birds having the disease? 

37. What are the chief diagnostic characteristics of cholera? 

38. What is the recommended plan for the control of avian tuberculosis? 

39. Differentiate between a cold and ocular roup. 

40. What is the cause of botulism? 

41. Give directions for vaccination of birds for prevention of fowl pox. 

42. What is the most reliable diagnostic characteristic of laryngotracheitis in- 
fection? 

43. What is the procedure for controlling an outbreak of chick bronchitis in a 
hatchery? 

44. What are the principal forms of leucosis as indicated by symptoms? 

45. What are the recommendations for the control of leucosis? 

46. How may '‘pick outs” be controlled? 

47. Why “dub” cockerels? 
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CHAPTER TWELVE 


M.arketing Eggs 


Marketing Problems 

Problems in marketing poultry products arise from (1) the location of 
these products with respect to consumption centers, (2) their seasonal 
distribution relative to the time of consumption, and (3) the maintenance 
of quality through the marketing channels while they are being held or 
transported. The diiference between production and consumption centers 
gives rise to problems in transportation. Seasonal production without 
corresponding seasonal consumption necessitates cold storage with its prob- 
lems. The physical and chemical nature of poultry and eggs with their 
consequent changes resulting in deterioration inaugurates a multiplicity 
of problems pertaining to the maintenance of quality in poultry and eggs. 

Production and consumption centers. In a primitive or more self- 
sufficing agriculture, food products are consumed by those who produce 
them or by nearby consumers. In colonial times in America each family 
produced the eggs and poultry used in its fare, but as our national life 
became more complex diversified poultry raising became more specialized. 
Poultry followed the grain regions, particularly the Corn Belt, and thus 
the production centers for poultry and eggs shifted far west of the indus- 
trial cities where the great bulk of the surplus poultry and eggs is con- 
sumed. To visualize the relationship of poultry and human populations 
in the respective states, egg production per capita has been calculated and 
shown in Figure 155. Since the United States as a nation may be con- 
sidered self-sufficient as to poultry and eggs, it may be assumed that the 
per capita production also represents the per capita consumption of eggs 
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Fig. 155. Per capita egg production by states, 1937, (Data from U. S. D. A. and World 
Almanac.) 

for the United States. From 1931 to 1936 about 370 chickens were re- 
quired to produce the poultry and eggs consumed by 100 people living in 
the United States. If we may assume that consumption of poultry and 
eggs is about the same in all states, we may determine very readily those 
states which produce the surpluses and those states which require addi- 
tional supplies. However, surplus-producing states probably have a some- 
what higher per capita consumption of eggs and poultry than do deficit- 
producing states. Figure 9 shows that the producing areas center in the 
Middle West. The centers of consumption for eggs and poultry are lo- 
cated east of the production centers because the more populous areas are 
in the eastern part of the United States. There is considerable movement 
of eggs to and from states which produce suificient quantities of eggs for 
their population. This movement is due to a lack of coordination in the 
marketing of eggs and also because the supply and demand for the differ- 
ent grades do not coincide. 

Seasonal distribution of production* The production of poultry and 
eggs in the United States is highly seasonal. Spring, the natural reproduc- 
tive season for birds, is the time of the year when great surpluses of eggs 
arc produced. While the wild fowl from which the domesticated chickens 
descended continue to produce only enough eggs during the spring to 
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Fig. 156. Seasonal production of low- and high-producing hens. 

reproduce their species, the egg production o£ their domesticated relatives 
has been greatly modified by man. Figure 156 shows the seasonal produc- 
tion of eggs by hens of different productive abilities. As production has 
been increased, it has been extended over longer periods of the year. With 
genetically improved birds which receive the proper management and 
nutrition we may expect more eggs per bird and less seasonal variation in 
production. Commercial poultry raisers are smoothing out the production 
curve of their flocks by hatching chicks at different seasons of the year and 
by other management practices. Just how far and rapid this smoothing 
out process will go is problematical, but for the present and during the 
near future the great bulk of the eggs will continue to be produced during 
the spring months. Thus the problem of conserving eggs from periods of 
overproduction to periods of underproduction remains a major one* Fig- 
ure 157 shows the cold-storage holdings of shell eggs and frozen eggs and 
illustrates the importance of cold storage in conserving the eggs produced 
dui'ing the spring for fall and winter consumption. 

Since spring is also the time for initiating flock replacement programs, 
most baby chicks are hatched at that time of the year. The surplus males 
and pullets which are raised reach the markets during the late summer 
and fall months. The culling of flocks, which is most generally done 
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Fig. 157, Seasonal variation in cold-storage holdings, 1929—1938. (Data from Agricultural 
Statistics, U. S. D, A.) 

during the fall, adds its quota of poultry to the surplus accumulations of 
poultry meat at that season. The seasonal marketing of poultry is in- 
dicated by Figure 186, which shows the cold-storage holdings of poultry in 
the United States. 

Consumption of poultry and eggs. If the consumption of poultry and 
eggs coincided in time with their seasonal production, the marketing serv- 
ices required for storing these products could be eliminated or reduced to 
a minimum. Consumption of these products, however, as illustrated by 
Figure 158, varies considerably throughout the year and these variations 
do not coincide with the seasonal variation in production. Certain prod- 
ucts, such as turkeys and live poultry, have special holiday demands which 
cause the bulk of these products to be marketed for these occasions. The 
relation of the production and consumption of eggs throughout the year 
is shown by Figure 159. 

The problem of quality. An ideal marketing system would give the 
most remote consumer eggs and poultry of the finest quality during all 
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Fig. 158. Average weekly sales of dressed poultry and eggs in several hundred retail stores 
in New England, 

seasons of the year. Such an ideal may never be attained, but it should 
be the goal of marketing agencies. Eggs and market poultry are non- 
living biological products subject to the natural lav^s of decomposition 
Avhich cause deterioration in quality. That these products are never better 
than soon after their origin is generally admitted. The maintenance of 
quality of eggs and poultry is a major problem in the industry. Since the 
production and consumption centers are widely separated, considerable 
time is required to transport these products to the retail markets. During 
such time quality of the products is being decreased to an extent depending 
upon the conditions under which they are being moved to market. 

Surpluses, arising above consumption requirements at different seasons 
of the year, necessitate the storage of great quantities of poultry and eggs. 
The maintenance of quality over an extended period is an important 
storage problem. Since temperature and humidity are highly variable 
climatic conditions and are of the utmost importance in the maintenance 
of quality in poultry and eggs, these two factors must be controlled if 
suitable results are to be obtained. That the problem of quality in eggs 
and poultry is also one of breeding is recognized by the industry. There- 
fore, quality and its maintenance in poultry products is one of the impor- 
tant problems with which the industry will always be concerned. A satis- 
factory solution of this problem requires the cooperation of producers, 
marketing agencies, and consumers. Due to its complexity, neither an 
early nor perfect solution is anticipated. 


MARKETING EGGS 


453 



BY MONTHS 

TEN-YEAR AVERAGE-1S26 -1935 INCLUSIVE 


Source: U. S. Department 
of Agriculture 


Fig. 159. The relation of production and consumption of eggs by months. 

Marketing Services 

Before considering the marketing of poultry products, the economic 
basis of marketing should be understood. Marketing is the rendering of 
essential services such as assembling, processing, grading, packing, trans- 
porting, storing, financing, and distributing. The agencies providing these 
services may be private or cooperative and their methods may be direct, 
integrated, or regular, but the services are essential and cannot be elim- 
inated. 

Assembling. From more than six million farms come eggs and poultry, 
mostly in small quantities. These products, comprised of small units and 
marketed in small lots, make the problem of assembling an important one. 
The producer of a few dozen eggs each week cannot afford to send the 
eggs to the distant cities, but they must be shipped long distances to 
market if suitable prices are to be received. Someone must assemble these 
small quantities of eggs and poultry in car lots and ship them to market. 
By so doing, sufficient volume is obtained to reduce transportation and 
other operating costs. Assembling provides volume of the different quali- 
ties and makes grading possible. 
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Processing, By processing, the form of the unfinished product is 
changed to that of the finished product. This is an important service in 
marketing poultry. The farmer prefers to sell live chickens, while most 
consumers demand poultry prepared for cooking. Marketing agencies 
purchase the birds from the producers and prepare them to meet the 
consumers’ demands. Fattening, killing, and dressing are the processing 
services required for poultry. Whole shell eggs, which represent the bulk 
of eggs marketed, do not require processing services. There is, however, 
an increasing demand for frozen egg products which require breaking 
and freezing. 

Grading, Poultry and eggs vary greatly in their market qualities. 
Grouping these products according to their respective qualities constitutes 
grading. While grading is not used as extensively in the poultry industry 
as it should be, there is a growing demand for graded poultry and eggs. 
Grading is an economical procedure because it facilitates the sale of prod- 
ucts on a quality basis and thereby stimulates the production of better 
quality products and encourages the maintenance of quality while the 
products are passing through the marketing channels. Graded products 
are more easily financed, traded in, and advertised than are ungraded 
products. The costs of marketing are reduced and demand is stimulated 
by the sale of graded products. The elimination of cull poultry and in- 
edible and inferior eggs by careful grading at the point of origin would 
prevent products from being marketed which frequently do not pay trans- 
portation costs. 

Packing. The poultry and egg packing industry renders distinct mar- 
keting services, including packaging these products in suitable containers 
under proper conditions so that they will retain their quality. Standard 
containers are thirty dozen cases for eggs, and boxes holding twelve dressed 
birds. By proper packaging, handling is facilitated, transportation and 
storing costs are reduced, shrinkage and spoilage are minimized, and the 
price of the product is increased. 

Transporting. Transportation is a major problem in marketing poultry 
products because production areas are so far removed from the consump- 
tion centers. Improved transportation facilities reduce marketing costs 
and narrow the price margins between the producer and the consumer. 
The magnitude of the transportation problem is indicated by the fact that 
one state (Iowa) alone ships annually approximately three thousand car- 
loads of eggs to New York City. In recent years the use of trucks, even 
on long hauls, has been increasing. v 

Storing. The highly seasonal nature of poultry and egg production 
makes storage a necessity. By storing these products from periods of over- 
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production so that they may be used when production is low, marketing 
operations and prices are stabilized and the supply of these commodities 
is better adjusted to consumer needs. 

Financing. To provide the necessary marketing services, adequate 
financing is needed. Several million dollars each year must be invested in 
the eggs and poultry which are marketed and stored. Vast sums are in- 
vested also in the facilities required for marketing these products. 

Distributing. The problem of moving several million cases of eggs and 
several hundred million pounds of poultry from more than 6,000,000 farms 
to 130,000,000 consumers is no small task. The finest quality breakfast 
eggs are delivered to consumers in New York City from poultry farms in 
California. The housewife in Boston may purchase a turkey for Thanks- 
giving which was raised by a Minnesota farmer. Agencies highly special- 
ized in the marketing of such products maintain a constant flow of these 
commodities from producer to consumer. 

Assuming risk. Egg and poultry prices often fluctuate greatly between 
the time these products are produced and the time they are consumed. 
Someone must assume the risks involved in price fluctuations as well as 
losses incurred from spoilage and the hazards of nature. 

The Egg as an Article of Commerce 

The egg, though designed by nature solely for reproductive purposes, 
has become one of the leading agricultural commodities in the world’s 
markets. In the United States alone more than 100,000,000 cases of eggs 
are produced annually and more than 20,000,000,000 eggs enter the chan- 
nels of trade each year. New York City alone receives annually about 
7,000,000 cases of eggs which, if shipped by rail, would require 17,500 
freight cars for their transportation. Thousands of people are employed 
in transporting and handling eggs. 

More than 7,000,000 cases of shell eggs and 100,000,000 pounds of frozen 
eggs are usually held in cold storage warehouses on August 1 each year. 
Millions of cubic feet of storage space are required for these products. 
Eggs are sold to millions of customers by thousands of retail stores through- 
out the nation. They provide an income to American farmers of more 
than one-half billion dollars annually. This income represents purchasing 
power for innumerable quantities of other goods. The egg is therefore a 
very important article of commerce in the United States. This importance 
can be attributed to the fact that in preparing a self-contained reproductive 
unit, nature, had to endow the egg with all the nutrients needed for de- 
veloping a living organism. Man, not unlike other living organisms, has 
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need for these same essential nutrients, and therefore eggs are important 
in the human diet. The importance of the egg in human nutrition may 
be more fully appreciated if the structure and composition of the egg are 
better understood. 

Structure of the egg. The detailed structure of the egg and its forma- 
tion are discussed in Chapter Three (see Fig. 42) ; therefore, at this point 
only the gross structure as related to the egg as a food product will be re- 
viewed. The egg in the commercial channels of trade divides quite 
naturally into the following proportional major parts: shell (10), white 
(60), and yolk (30). In marketing, the shell becomes a waste product, the 
disposal of which represents a loss to the industry. However, it is an in- 
expensive container for egg meat. The white is made up of thick white, 
the outer thin white, and the inner thin white. The yolk is surrounded by 
and floats in the white of the egg. The structure of the egg is such that 
the shell can be removed with the loss of only a small amount of al- 
bumen, and the yolk can be readily separated from the white. The ease 
by which the parts of the egg can be separated makes possible the freezing 
and drying of yolk and albumen. The yolk of the egg is made up of 
many layers and contains the germ spot from which the chick embryo 
develops. 

Composition of the egg. In the marketing of eggs the composition of 
the egg in its relation to human nutrition is important. The fact that the 
hen's egg contains many essential nutrients should interest those engaged 
in marketing eggs. They should stress in their sales work the importance 
of the egg in human nutrition. Eggs are rich in proteins, fats, and mineral 
elements (Table 1, Appendix). The vitamins required by humans which 
are found in eggs are vitamins A, Bi, D, and G (growth factor). Since 
the egg contains ail of the nutrients except oxygen necessary to develop a 
perfect animal (the chick), its importance in the human diet would be 
indicated without reference to experimental data. There is, however, 
ample scientific evidence to show the importance of the egg in the human 
diet. 

Judging Quality in Eggs 

For many years eggs have been described as having good quality or 
poor quality, but only within recent years have investigators attempted 
to refine the methods used for determining egg quality. Candling has 
been the commercial method used and until recent years the only method 
available for judging the quality of shell eggs. Other tests of quality are 
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Albumen scores prepared by Van Wagenen of Cornell University, 


chemical, biological, and bacteriological analysis, measurements of interior 


egg quality, and cooking tests. 

Candling. Candling consists of the examination of shell eggs before a 
light strong enough to reveal the appearance of the contents of the egg. 
Experienced candlers, working with eggs which pass through the regular 
egg marketing channels, can detect most of the inedible eggs, note the size 
of the air cell and thereby estimate the age of the egg, detect tremulous 
and movable air cells, observe any germ development on the yolk, estimate 
the condition of the white, and observe any imperfections in the shell. 
They can detect most meat spots, blood clots, and eggs having bloody 
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albumen. From these observations they can group the eggs into com- 
mercial grades with a reasonable degree of accuracy. 

Measurements for interior egg quality. During r^ent years several 
investigators have developed methods for measuring the quality of eggs 
after they are broken out. These so-called measures of interior quality 
are used to determine the effects of different factors on the interior con- 
dition of the eggs as revealed after the egg is broken out. By using such 
methods the investigator can better determine the effect of different ra- 
tions on the shell, yolk, or white. He can determine more accurately the 
results from exposing eggs to different environmental conditions, tempera- 
ture effects, etc. A better understanding of the interior quality of eggs 
has led to the study of the factors which influence quality. The determi- 
nations of interior quality which are more commonly made are (1) the 
percentage of thick and thin white in the egg, (2) the yolk color, (3) the 
yolk index, (4) albumen index, and (5) the albumen score. Figure 160 
shows the albumen scores which were developed at Cornell University for 
eggs of different quality. 

Cooking tests. The real test for egg quality is the kind of product pro- 
duced when the egg is prepared for human consumption. Other measures 
of quality are useless unless they are correlated with the edible qualities of 
the egg. Some institutions are using cooking tests for the determination 
of quality in eggs and poultry used in experiments or produced by feeding 
experiments. An egg with an albumen score of 1.0 is excellent as a break- 
fast egg, but a lower-quality egg may be equally as good for other uses. 
Certain feeds impart undesirable flavors to eggs and poultry meat. Cook- 
ing tests can be used for detecting such effects. The entire problem of 
quality in eggs is one which should be attacked from the viewpoint of 
the ultimate consumer, who should be guided by nutritive as well as 
aesthetic values. 

Chemical, biological, and bacteriological tests. Chemical analyses for 
determining egg quality have not as yet been perfected so that they have 
practical application in the industry. Tests for free ammonia may be 
made to detect decomposed eggs; and pH values are used by investigators 
to determine such changes in eggs stored. 

Biological assays for the determination of the vitamin content of eggs 
are being used. In such work, the products studied are fed to such labora- 
tory animals as rats or chicks. Work in this field will likely be expanded 
as research in poultry products is developed. 

The use of bacteriological analyses for studying quality in eggs and 
poultry is limited, as yet, primarily to research work. Producers of frozen 
and dried eggs are interested in the bacterial count of these eggs. 
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Factors Affecting Egg Quality 

Until within recent years “an egg was an egg” and few people were 
interested in the difference between low-quality and high-quality eggs. 
When investigators developed methods for measuring egg quality, they 
found wide variations and many factors which influenced it. 

Inheritance 

The examination of fresh-laid eggs will show that they differ con- 
siderably in quality and that if the eggs are traced to the hens which laid 
them, it will be found that individual hens differ as to the quality of eggs 
they produce. The relative amount of thick and thin white in eggs has 
been found to be an inherited character. Hens which possess the ability 
to produce eggs containing a high percentage of thick white, transmit 
this ability to their daughters. Poultry breeders can now test prospective 
female breeders for egg quality and make matings to improve quality. 

The Massachusetts Agricultural Experiment Station has reported that 
some hens tend to produce eggs which have a “fishy” flavor. Their re- 
sults indicate that this characteristic is also inherited. 

The United States Department of Agriculture has shown that the qual- 
ity of eggshells is inherited. 

Feeding 

The composition of eggs and their quality is affected by the nutrition of 
the birds producing them. 

Yolk color. The yellow color of the yolk of the egg is determined pri- 
marily by the xanthophyll (yellow pigment) present in the ration of the 
laying hen. Birds receiving rations containing a high percentage of yellow 
corn and green feed (either dried or succulent) produce eggs which have 
rich yellow yolks. The yolks of eggs laid by hens receiving rations con- 
taining but little xanthophyll have pale yellow-colored yolks. 

The olive-colored yolks which are undesirable in market eggs are 
caused by the birds consuming feeds which impart this undesirable color 
. to the yolk. Rations containing large amounts of cottonseed meal when 
consumed by laying hens produce eggs which develop olive-colored yolks 
when held four weeks dr longer in storage. The Oklahoma Agricultural 
Experiment Station has found, however, that this discoloration does not 
occur in frozen yolks. Gossypol is the substance in cottonseed meal which 
causes olive-colored yolks. 
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Dark, reddish-brown yolks can be produced by feeding pimento peppers 
to laying hens. Such yolks are used to increase the yellow color of mixed 
yolks used by the manufacturers of noodles and mayonnaise. Cottonseed 
meal contains a substance which causes a reddish color of the yolks when 
eggs are held in storage. 

Pink whites. Some eggs when held in storage for a month or longer 
develop pink-colored whites. The California Agricultural Experiment 
Station has reported that feeding laying hens the seeds of cheeseweed and 
hollyhock will cause this condition. The Texas Agricultural Experiment 
Station and the California Station have shown that eggs produced by 
hens fed cottonseed meal develop pink whites when stored. 

Breaking strength of the egg shell. The strength of the eggshell can 
be influenced by feeding. Eggs laid by hens receiving rations deficient 
in vitamin D or calcium carbonate are likely to have shells which are 
thin and easily broken. The California Station has reported that eggshell 
thickness is an inheritable factor which can be influenced by breeding. 

Vitamin content. The vitamin content of the egg can be influenced 
by feeding. The amount of vitamin A can be increased by feeding yellow 
corn, green feed, and cod liver oil. The vitamin D content of eggs can 
be increased by feeding fish oils to the layers and by exposing the birds 
to the direct rays of the sun or by artificially irradiating them. The vita- 
min E content of eggs may be reduced, by feeding rations deficient in this 
vitamin, to a point where the hatchability of the eggs will be destroyed. 
The riboflavin factor can also be controlled by nutrition. 

Mineral content. A normal egg contains all of the minerals necessary 
for the development of the baby chick. Experimental evidence has been 
submitted by a number of investigators to show that the percentage of 
such minerals as iodine, copper, iron, and manganese in eggs can be 
influenced by feeding. 

Environmental Factors Affecting Egg Quality 

Most of the damage to egg quality is caused by the environment in 
which eggs are held after laying. Fresh-laid eggs are usually edible eggs 
of good quality. But eggs of the finest quality cannot retain their quality 
if held for several days at high temperatures or where the humidity is 
low. The quality of an egg while being held can only be lowered. 

Temperature. High temperature causes more damage to egg quality 
in the United States than any other single factor. During the summer 
months millions of dozens of eggs become inedible as human food be- 
cause of exposure to high temperatures. Fertile eggs when held at high 
temperatures soon develop embryos and therefore become inedible. 
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Fig. 141. Effect of container on the rate of cooling in eggs. (Egg room at 

Within recent years attention has been focused on this problem by re- 
search workers. Farmers and egg dealers appreciate more than ever befor 
that eggs are perishable products which should be held at 
tures. Relatively few eggs, during the summer months, arc held under 
the best temperature conditions either on the farms or in t e oca uy 
inlVtatiLs The Missouri Agricultural Experiment Station pub hshed 
(194?) the following conclusions of the effect of temperature on shell egg 

quality: 

Temoerature was found to be a very important factor affecting egg quality. 
?hick albumen was converted to thin albumen very “ 

of 30°F and SO^F. but quite rapidly at temperatures of 80 F. to lUU 
fiqueffctirn of the thick ^hite proceeded at a more rate m 

in infertile eggs if the temperature was bgh enough for rapid embryonic 

^^^STs^held at 30°F. and 50°F. maintained relatively low albumen scores 

'“S vK shell eggs held at 80°F. to 100»F. flattened very^rapidly as com- 
The yolk “ ® o „ j 50 op_ These data did not show any sigmfi- 

pared to those held at 30 F. and ou r . membrane of 

rant difference between fertile and infernle egg . 
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and tdien immersing the egg in ice water for several minutes and again 
candling it. The air cell will be plainly visible at the second candling, 
having been formed between the shell membranes as a result of the con- 
traction of the contents of the egg when cooled. 

The increase in the size of the air cell after its formation is due to 
evaporation of moisture from the egg. Eggs held where the humidity 
of the air is high will lose very little moisture but eggs held in a dry 
atmosphere lose weight rapidly and the air cell soon becomes quite large. 
Eggs with large air cells are placed in the lower market grades. 
fore, market eggs should be held where the humidity is relatively hig 
so that the air cell of the egg can be kept small. A basement or cellar 
where the floor is kept damp is usually a satisfactory place for holding eggs 
on the farm. Humidity of the atmosphere surrounding shell eggs has but 
little if any effect on deterioration of the albumen or yolk of such eggs. 

Age of egg. The fresh-laid egg quickly cooled possesses the finest 
quality obtainable in eggs. The aging of an egg regardless of other en- 
vironmental factors brings deterioration. The rate of deterioration can 
be greatly reduced by maintaining ideal conditions where the egg is held. 
Under proper holding conditions the quality of eggs may remain excel- 
lent for weeks and even months. • 

The producer should market his eggs at least once each week and pret- 
erably more often. All agencies engaged in marketing eggs should speed 
up dehvery so that the eggs will spend the minimum of time en route. 

Handling. Rough handling is detrimental to egg quality because such 
treatment disorganizes the contents of the egg. Tremulous and movable 
air cells are caused by the jarring or rough handling of eggs. Eggs shipped 
long distances develop trernulous air cells. Though tremulous air cells 
are sometimes much emphasized in grading eggs, the relationship of 
such air cells to the edible quality of these eggs has not been established. 
Cracked eggs and checked shells are caused by improper handling of eggs. 
Containers should be used for handling eggs which minimize the jarring 
and shaking of the eggs. 

Maintaining Egg Quality 

The maintenance of egg quality is a major problem of the industry, par- 
ticularly for those production areas most remote from their principa 

""olSty egg programs. The Agricultural Extension Service and other 

agencies have carried on rather extensive educational campaigns designed 
to improve the quality of eggs produced. While these programs have ac- 
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complished much where the marketing agencies have provided suitable 
price differentials for the different grades of eggs, they have failed where 
eggs were not bought by grade. The Producers Produce Company, 
Springfield, Missouri, cooperating with the Missouri Agricultural Exten- 
sion Service, has done much to improve the quality of eggs marketed in 
that territory. In their program they emphasized the following points: 

1. Produce clean eggs. 

2. Feed a complete ration all the time. 

3. Produce infertile eggs after the hatching season. 

4. Maintain the original quality of eggs. 

a. Gather eggs three times daily. 

b. Confine broody hens to coops. 

c. Keep eggs in a cellar, basement, or egg cooler. 

d. Maintain high humidity where eggs are held. 

e. Cool eggs before placing them in cases. 

5. Pack and market eggs with care. 

a. Case eggs with small end down. 

b. Place top on case when full. 

c. Deliver eggs at least twice each week. 

d. Protect eggs against sun and rain. 

e. Handle carefully. 

6. Breed for large egg size. 

The problem of dirty eggs. Passing annually through the marketing 
channels are millions of dozens of dirty eggs. Fortunately, most of these 
eggs are produced during the spring of the year when they can be broken 
and marketed as frozen or dried eggs. But large quantities of these soiled 
eggs accumulate at other seasons and in places where they can be handled 
only as shell eggs. The interior quality of these eggs when marketed is 
in most cases as good as that of eggs with clean shells. Dirty eggs should 
not be sold to consumers because they tend to discourage the purchase of 
eggs. 

Many methods for cleaning soiled eggs have been tried. Eggs cleaned 
by washing with water will not keep when held in storage and therefore 
wet cleaning has been discouraged. Dry cleaning has proved satisfactory 
but when done by band has been laborious and sanding machines have 
been expensive. The fact that the problem of dirty eggs remained un- 
solved despite the methods and devices which had been tried led the 
Missouri Agricultural Experiment Station to investigate the use of germi- 
cidal agents in water for cleaning eggs. The results of these investigations 
appear to justify the following conclusions: 
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Fig. 163. Cold storage warehouse owned by the United States Cold Storage Company, Kan- 
sas City, Missouri. 

Dirty eggs can be effectively cleaned by using a b per cent solution o£ 
sodiuni hydroxide. Soiled eggs cleaned with sodium hydroxide kept equa y 
as well in cold storage as clean eggs which were not washed. j.A 

Dirty eggs properly cleaned when removed froni storage commanded 
prices equivalent to those obtained for clean eggs stored at the same qme ^ 

^ CooSng tests applied to the different lots of eggs after eight and ten 
mLhs’ storage showed that dirty eggs which were properly cleaned pos- 
sessed edible qualities equally as good as those of clean eggs. _ Mp 

The Department of Pathology and Bacteriology of the University of N - 
braska repmt results which show that the surface of soiled shell eggs may be 
Lde even more clean (bacterlologically) by proper washing and ultraviolet 
SltiorthTn so-called dean shell eggs as received in the regular marked. 

Cold storage. One of the greatest advances made by man has been m 
the storage of a food supply from the time of an abundant harvest to a 
neriod of scarcity (Fig. 160). The development of cold storage has naade 
possible the storlge of such perishable foods as eggs and dressed poultry. 
^?;furwhich is made of cold storage for the preservation of egg 

united are pr. 

du«d“ Sng ie S L„ths of March, April, May, aad Juae ».oe 
ofs o,L is esseanal to consumers as cell as producers. Storage 
Stte po sible a satisfactory market for eggs during the spring when a 
™t sumCof eggs occurs’ and it also provides eggs for the consumers 
ft teasonfble pricefluting the fall and winter when fresh eggs are scarce 
Fo“resX eggs shoUd be stored in cold.torage warehouses where 
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the temperature is held at 29 °F. to 30 °F. and the relative humidity is kept 
at 90 to 94 per cent. Eggs should be stored alone as they absorb odors if 
stored in rooms w'ith substances which emit odors. 

The cost of storing shell eggs in cold-storage warehouses is estimated by 
Benjamin and Pierce as follows: 

Cents per Dozen 


Warehouse rental (8 months) 1.2 

Insurance .3 

Interest (8 months at 6 per cent) ......... 1.2 

Total Cost 2.7 


There is also the depreciation in quality which occurs during storage. 
This is a variable cost which depends upon the quality of the eggs placed 
in storage and the storage conditions maintained while the eggs are in 
storage. 
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Fig. 165. Cold storage holdings of shell eggs and frozen eggs on August 1, 1916-“1940. 
These storage stocks are usually at a maximum on August 1, 

Shell treatment of eggs. To prevent evaporation while eggs are held 
and to reduce the gaseous exchange which naturally occurs when eggs 
are surrounded by air, the practice of treating the shells with an oil coat- 
ing has arisen. Special oil dipping machines have been designed to speed 
up the process and therefore make it applicable to packing-plant condi- 
tions. The oils used are lightweight petroleum oils which are tasteless, 
odorless, colorless, and suitable for human consumption. The eggs 
treated with these oils retain their quality exceedingly well because very 
little evaporation occurs and most of the carbon dioxide is retained in the 
egg and therefore the change in pH is retarded. 

Freezing eggs. The frozen-egg industry of the United States has de- 
veloped rapidly during the past twenty-five years. The relative growth 
of the industry in relation to shell eggs is shown in Figure 157. Yolks, 
whites, and mixed whole eggs are preserved by freezing and holding at 
low temperatures. Bakers, confectioners, and other commercial users of 
eggs prefer eggs which have already been broken and the yolks and 
whites separated. The demand for frozen eggs has continued to increase. 
Approximately a third of the eggs stored annually in the United States are 
now stored as frozen eggs. 

The egg-breaking plants where eggs are frozen are located in the pro- 
duction areas where shell eggs are relatively cheap. They are usually 
operated as a part of the commercial egg-packing plants, though many 
specialized breaking and freezing plants are found in these areas. 
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Fig. 166. A machine for oil processing eggs under vacuum. 

A modem egg-breaking plant is operated under strictly sanitary con- 
ditions and only high-quality eggs are placed in the cans. Figure 167 
shows a modern egg-breaking plant in operation. To minimize the loss 
of albumen which adheres to the shell when eggs are broken, a machine 
has been developed which collects most of this albumen. The machine 
is shown in Figure 168. The shells are placed over a nozzle connected 
with a vacuum which sucks the adhering albumen into a glass container. 

Drying eggs. Dried eggs have many uses; dried albuman is used by 
confectioners, dried yolk in prepared flours, dried whole egg in bakery 
products, and during the war millions of pounds of whole dried egg were 
used as food for the men and women in the military services and for 
feeding the peoples of Europe. The dried-egg industry was not techni- 
cally prepared for the tremendous expansion which skyrocketed the 
annual production of dried eggs to over 320,000,000 pounds in 1944. 

There are three methods used in drying eggs: the belt, spray, and pan 
drying. The egg spray driers are similar to milk driers. This method is 
used for producing dried yolk and dried whole egg. Pan drying is gen- 
erally used for albumen, but the spray method is now also used for pro- 
ducing dried albumen. - 

The amount of dried-egg products produced by a case of average 
market eggs is nine to ten pounds of dried whole egg, or seven to seven 
and one-half pounds dried yolk and two to two and one-half pounds 
dried albumen. 
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The dried-egg industry o£ the United States remained rather unim- 
portant until the Japanese invasion of China in 1937. The Chinese source 
of dried eggs to this country was cut off, and the egg driers of the United 
States expanded their output to take care of the needs of this country, 
which was approximately 10,000,000 pounds annually. With the war 
there came a demand for tremendous quantities of dried whole egg and 
annual production expanded as follows : 

Table 57 

POUNDS OF DRIED EGGS PRODUCED IN THE UNITED STATES, 1940-1945 


1940 

7,487,000 

1943 

261,972,000 

1941 

45,280,000 

1944 

320,742,000 

1942 

235,649,000 

1945 

115,000,000 


After the war there came the inevitable let down which most people 
expected, and while more dried eggs will, no doubt, be used than before 
the war, the amount will be only a fraction of what was produced in 1944. 

Thermo-stabilization of quality in shell eggs. One of the problems con- 
fronting the poultry industry is the maintenance of the fresh-laid quality 
of shell eggs from the time of production until such eggs are consumed. 
The Missouri Agricultural Experiment Station in 1943 announced a new 
process for maintaining egg quality, which was termed Thermo-stabiliza- 
tion (stabilized by heat) by the conference which received the announce- 
ment. This process accomplishes the following important objectives in 
egg marketing: (1) Stabilizes the thick albumen so that the egg retains its 
fresh appearance much longer when broken out. (2) Devitalizes the 
fertile egg so that it reacts as an infertile egg. (3) Has a pasteurizing effect 
on shell eggs so that spoilage in storage is minimized. 

The process is extremely simple and consists of immersing shell eggs for 
about 15 minutes in water held at 130°F. The beneficial results and the 
simplicity of the process would appear to make this process readily ap- 
plicable in the industry. 

Grading Eggs 

Proposed government standards for eggs. The Bureau of Agricultural 
Economics has proposed standards and grades for eggs. For a number of 
years a uniform grading system using government standards and grades 
for eggs has been advocated by the United States Department of Agri- 
culture and other disinterested agencies. The industry has been slow to 
adopt these grades because the larger handlers of eggs have their own 
private trade names and grades which might be overshadowed by the 
government grades and therefore lose their advertising value. 
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Fig. 167. Modern egg-breaking plant in operation. 

Egg grades used in the industry. There is much confusion in the grad- 
ing of eggs because there is little uniformity in the system of grading. 
All large packing organizations as well as retail organizations have their 
own grades, usually clothed in terms which without clarification give the 
consumer but little if any idea of the quality of the eggs designated by 

the different grades. _ i i i. 

A glance at the price quotation on eggs in the central markets shows 

that each market has a different set of grades. The adoption of a uniform 
system for grading eggs would be of great benefit to the industry. Shght 
modifications to fit local conditions may be necessary in a country as 
large and diverse in climatic conditions as the United States. 
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Fig. 168. Device used for collecting the albumen which adheres to the shell when eggs are 
broken. Note jar containing albumen. 


Market definitions. Benjamin and Pierce give the following definitions 
for market terms applied to eggs: 

Fresh, Fresh eggs are those which. have not been held or delayed in 
their movement to market so as to make it necessary to distinguish them 
as “refrigerator” in accordance with the definitions given below. 

Hennery, Hennery eggs are so called because they originate on farms 
where special attention is given to poultry. From such farms the eggs 
move to market with reasonable promptness. 

Storage packed. Eggs are said to be “storage packed” when they have 
been packed especially for storage. The ordinary method for this packing 
is to sort out small, checked, and washed eggs, and to place the good ones 
in new cases and fillers of the kind prescribed by trade specifications. 

Held. As generally understood by the trade, eggs are said to be “held” 
when they have been delayed in their movement to market sufficiently so 
that they are of distinctly lower quality than fresh (lower than U. S, 
Extras), and have not been held under refrigeration long enough to be 
labeled “cold storage” or “refrigerator.” 

Current receipt. Unsorted lots including small, checked, and dirty 
eggs and rots, just as they are purchased from the farmer, are called “cur- 
rent receipts.” 
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MILLION POUNDS 



Fig. 169. The volume of egg products imported into the United States, 1924-1938. (Data 
from Bureau of Agricultural Economics, U. S. D. A.) During the war the United States ex- 
ported several hundred million pounds of dried eggs. 

Rehandled current receipt. If the current receipts have been sorted, and 
those of poorest qualities removed, they are said to be rehandled current 
receipts. '‘Loose grading” or “slight grading” mean the same thing. 

Rehandled and repacked current receipt. This term indicates that the 
eggs have been repacked in new or standard cases and fillers, in addition 
to the rehandling. 

Graded, Eggs which have been sorted closely are referred to as graded 
eggs. The degree of sorting must be further explained in order to make 
the meaning sufficiently clear to a prospective buyer. 

Undergrades, All qualities below the best are termed “undergrades.” 
These may be checks, dirties, seconds, and the like. 

Packing Eggs 

The egg packer is one who operates an establishment in the surplus pro- 
ducing areas where eggs are received from farmers and affiliated dealers, 
candled, graded, cased according to grades, and sold to wholesale or other 
dealers in the central markets. 
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Cotitainers used for eggs. The standard container for eggs is the thirty- 
dozen wooden case. Both fifteen-dozen and thirty-dozen fiberboard cases 
are being used but they have not as yet been adopted generally (Fig. 170). 
During recent years egg case liners have been introduced into the trade. 
These liners are made of two layers of heavy kraft paper between which 
there is a thin layer of asphalt. Such liners reduce evaporation and mini- 
mize the loss of carbon dioxide from the eggs and thereby help maintain 
the original quality of the eggs. 

Fillers and flats for egg cases have been improved; less breakage occurs 
in transit now than formerly because better packing materials are avail- 
able for packaging eggs. The cup flat or the embossed flat and the honey- 
comb filler make a firm pack. The filler-flat makes an even more rigid 
pack and reduces breakage and jarring. The plain flat and excelsior 
pads which were once universally used are gradually disappearing from 
the trade. 

Eggs are retailed either in cartons or as loose eggs in paper bags. Egg 
cartons for twelve eggs or six eggs are becoming the standard container in 
the retail trade (Fig. 170). Their convenience more than offsets their 
cost. 

Many labor-saving devices for cartoning eggs have been tried. At the 
World’s Poultry Congress held in Cleveland, 1939, a Cleveland firm 
demonstrated their cartoning process by which one person placed three 
dozen eggs in cartons at one time. Automatic machines are often used 
for wrapping cartons in cellophane. 

Transportation of Eggs 

The great volume of eggs is shipped by rail in car lots. However, trucks 
now handle large quantities of eggs especially from production areas lo- 
cated within a few hundred miles of the central markets. A carload of 
eggs is about 400 standard thirty-dozen cases. It is estimated that in 1935, 
11,000,000 cases of eggs were handled by railroads. Large quantities of 
frozen eggs are also shipped by rail (Fig. 170). In warm weather eggs 
shipped long distances are kept under refrigeration. During cold weather 
the cars must be heated to prevent freezing of the eggs. Refrigerated 
trucks are being used for transporting eggs short distances where quality 
eggs are marketed. 

Egg Prices 

The price of eggs is determined by the supply of eggs of different quali- 
ties and the demand for such eggs. The price of eggs tends to move with 
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Fig. 171. Seasonol variation tn the Missouri farm price of eggs. Note that egg prices are 
more uniform now than thirty years ago. (Data from U. $. D. A.) 

the general price level. The price o£ eggs is also related to the price o£ 
feed, since feed cost represents the greater part of the cost of producing 
eggs. The purchasing power of eggs in terms of feed tends to move in 
normal times in a cycle of about three years’ duration. 

The price of eggs varies seasonally, with the peak prices being reached 
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in November or December and the lowest prices being paid during the 
ling and summer months. Figure 171 shows not only the seasona 
variafion in egg prices but also the shift which occurred in these seasonal 
nrices from 1910-14 to 1935-39. The break in the price of eggs now comes 
Iring November instead of in January. Egg prices from March to 
August (1935-39) were practically stationary. 

Merchandising Eggs 

The methods used in selling eggs are of vital concern to both jhe pro- 
ducer and the consumer. If inefficient methods add to the cost of selli ^ 
eggs the producer will receive less and the consumer probably pay more 
thfn they should for eggs. Eggs are marketed directly by the producer, 
bv established private marketing agencies, and by cooperatives. 

Wect marketing. While the total volume of eggs sold by the producer 
directly to the consumer is relatively small and very likely decreasing, 
individuals who have a suitable location this method has proved to e 
a profitable way of selling eggs. As society has become 
Africa and the consumers of the cities have lost contact with producers, 
fp“Si»d marketing agencies tave a,U« whrch can Pjf ™ 
ices of marketing more efficiently and more economically than can 

^^ReSr egg-marketing system. The great volume of eggs 
in the United States is handled by private marketing agencies, 
e™ !re laiy delivered by the producers m local buyers or srn.l s ore 
Jhere eggs are purchased. The eggs bought by the stores are sold to local 
who me afidiated with a concentration or P»>=rng Plan'- .^e 
tJs are generally picked up at the buying stattons by trucks whrch are 

:feratedby,hepaWplaut.. Iniepackingplantsfc^J^^^^^^ 

graded, cased, cooled, and shipped by truck or rail to the wholfs^ier 
Led in the large consuming centers. Ttc packing pte may be mvn d 
by or affiliated with the wholesale orgamzanon whrch 
jobhets and retailers. BtieBy this is the rorite 

keted in the United States. Car-lot packers of eggs and poultry are located 
primarily in the Middle West, where large f ^roduc^ . 

In 1939 Iowa had 118 of these plants, Missouri 77, and Illinois 50. P^oduc 
don Sas Tear the consuming centers and deficit egg-producing areas do 

not have these car-lot shippers of eggs and poultry. ^ . 

Private marketing agencies have been responsive to the needs ot th 
indSL Ld have bLfon the whole, progressive-because the rndustry 

is competitive. 
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Cooperative marketing of eggs. The origin and development of cooper- 
atives for marketing eggs would indicate that the producers have not 
always been satisfied with the marketing system available for their use and 
that they have tried to improve their lot by cooperation. The growth and 
success of some of these cooperatives is evidence that they have succeeded. 
The most notable of these cooperatives is the Pacific Egg Producers Co- 
operative, Inc. This organization has been, in New York and other 
eastern cities, highly successful in marketing high-quality, white-shelled 
eggs produced on the Pacific Coast. Earl Benjamin, General Manager 
and Treasurer of this cooperative, who is located in New York, has enu- 
merated their attainments as follows: 

During the fourteen years of P.E.P.’s operations the varied benefits of co- 
operation have been demonstrated in a practical way. Among the principal 
attainments are improved quality of eggs delivered by the members, par- 
ticularly as regards such factors as freshness, infertility and uniform flavor; 
more uniform grading; developing new and better outlets for the various 
grades of eggs and poultry; larger centralized volume, bringing about lower 
costs; economies in shipping due to heavier loading; improved packages; new 
methods of handling eggs and poultry such as ‘"protecting,” sand-cleaning, 
and packing in lined cases or boxes; careful studying of conditions to de- 
termine the proper price level for the product (use is made of an auction at 
certain seasons, to aid in determining the correct price level); and continuance 
of technical and economic research in order to bring about a constant im- 
provement of methods. 

From this list of achievements it is evident that the cooperative has been 
progressive and has pioneered in improving egg marketing. Unless the 
cooperatives can render such economic services, their existence cannot be 
justified. 

The Missouri Farmers Association of Missouri, a more general type of 
cooperative which originated in a general farming region, has developed 
into one of the largest handlers of eggs and poultry in the United States. 
At Springfield, Missouri, they maintain one of the largest and most mod- 
ern poultry and egg packing plants in the world. This cooperative 
organization handles feed, fertilizers, groceries, and other commodities 
through their local exchanges. 

More than twenty cooperative egg auctions have been established in the 
East. These auctions have provided an outlet for high-quality eggs from 
relatively large producers and a source of good eggs for dealers and re- 
tailers located in the nearby cities. The auctions provide a trading place 
for producers and dealers at a minimum cost. Those auctions which 
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have been most successful have been located in commercialized produc- 
ing areas and near large consuming centers. 

The farmers of some districts in Indiana have developed the cooperative 
shipping of eggs. Each producer maintains the identity of his eggs and 
sells to his preferred outlet in New York City. By shipping jointly, these 
producers have been able to make appreciable savings on transportation 
costs. 

Consumer preferences and demands for eggs. Since egg prices are 
determined by the demand for and the supply of eggs of the different 
grades, it behooves the producers to know the consumers’ demands for 
eggs and their buying habits. The producer must also know the demands 
of the dealers through whom they reach the consumer. 

Several interesting studies of consumer preferences for eggs have been 
made. It should be noted that a preference expresses merely a desire, 
but it is not a demand since demand is a preference plus a purchase at a 
price. The poultry industry needs scientific demand studies which will 
measure the demand for various grades of eggs and poultry under different 
environmental and competitive conditions. The buying habits of con- 
sumers also need to be more fully understood by producers and marketing 
agencies. 

The consumer preference studies which have been made indicate that 
in some cities consumers prefer eggs with white shells and in others they 
prefer brown-shelled eggs. These preferences are based upon the belief 
that shell color and interior quality are related. Consumers in the prin- 
cipal markets are about equally divided as to their preference for yolk 
color. It is doubtful if the consumers would pay any appreciable amount 
more for eggs with either white or brown shells merely because of shell 
color, or for eggs with yolks of different shades of yellow as long as the egg 
yolks appear edible and uniform in color. Since the dealers reflect the de- 
mand of the consumers to the producers it is necessary for the producers to 
cater to the dealer demand. This demand reflects not only the total de- 
mand for eggs of different qualities but it reflects a protective demand 
against any eggs which may cause complaints. The idea has developed in 
some markets that eggs which have light yellow-colored yolks are preferred 
to those which have dark-colored yolks. If the dealers can avoid com- 
plaints by supplying eggs with yolks which do not arouse suspicion, though 
the suspicion be based on erroneous assumptions, they will quite naturally 
do so. A dissatisfied customer can arouse more dealer demand than one 
hundred satisfied customers. 

Creating new d^ands for eggs. If the per capita production of poultry 
and eggs in the United States continues to increase, one of the future 
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VALUE OF EGGS AND POULTRY CONSUMED 
BY AMERICAN FAMILIES 
1936 


INCOME CLASS 

$ 1,000 1,500 

SZPOO $3,000 

$5P00ul!S?« $7,500 


POULTRY EGGS 

DOLLARS PER FAMILY PER MONTH 


t 


0.60 


2.15 


6.06 


1.89 


2.74 


3,67 


FAMILIES OF FATHER, MOTHER (BOTH NATIVE-BORN) AND ONE OR 
TWO CHILDREN (NONRELIEF WHITE FAMILIES IN NEW 
YORK AND CHICAGO) 


U. S. D. A. 


Fig. 172. The relation of income to the value of poultry and eggs purchased by American 
consumers (1936). 


problems of the poultry industry will be the stimulation of a greater de- 
mand for eggs and poultry. Before much can be accomplished along this 
line, research work will be needed for determining the demand by the 
various income groups for the different grades of these products. The 
amount of money spent for poultry and eggs varies with the family income, 
as shown by Figure 172. 

That there are untapped markets for eggs in the United States among 
the lower income groups is indicated by the response of consumers in 
these groups to the Food Stamp Plan of the Federal Surplus Commodities 
Corporation. Table 58 gives the uses to which these consumers applied 
their increased income in the purchase of surplus commodities. These pre- 
liminary studies indicated that of the surplus commodities available in 
Rochester, Dayton, Seatde, and Shawnee, from May 16 to August 26, 
1939, eggs and butter were the two commodities in greatest demand, ap- 
proximately 50 per cent of the food stamps being used to purchase these 
products. 
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Table 58 


COMMODITIES PURCHASED WITH BLUE STAMPS ISSUED 
BY THE FEDERAL SURPLUS COMMODITIES CORPORATION, 

MAY 16 TO AUGUST 26, 1939 

Percentage of Total 


Commodity Purchases 

Eggs 24.7 

Butter 23.4 

Flour 10.1 

Corn meal 2.2 

Rice. 2.4 

Dry beans 3.8 

Dried prunes 2.2 

Fresh fruits 12.0 

Fresh vegetables 19.2 


100.0 

The fresh fruits consisted of oranges, grapefruit, peaches, and pears. The 
fresh vegetables were cabbage, peas, tomatoes, and onions. 

A well-established grading system probably would stimulate the demand 
for eggs. The adoption of a uniform grading system throughout the 
United States would educate the consumers to the qualities of the different 
grades and give them confidence in their purchases. The removal of 
uncertainty in egg quality should stimulate the demand for eggs. Making 
available to the consumers eggs of various grades with proper price 
differentials would provide eggs for the various income groups at prices 
which they could afford to pay. To offer consumers eggs at only the 
highest prevailing prices will eliminate many purchasers and therefore 
reduce the consumption of eggs. The adoption of a uniform grading 
system with suitable price differentials would no doubt be helpful in 
increasing the total demand for eggs. 


International Egg Trade 

The exchange of eggs and egg products between the various nations is 
quite general, as is indicated by the fact that importing nations such as 
Germany and Great Britain in normal years each import eggs from more 
than thirty different nations. The exports from the United States have 
been primarily shell eggs shipped to Mexico and the other Latin American 
countries. The egg imports received in the United States have been prin- 
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Fig. 173. Eggs attractively displayed in a refrigerated case. 


Cipally dried and frozen egg products from China. The disruption of 
trade m Chma since by the war has greatly reduced the produaion 
and exportation of such products. The volume of dried and frozen egg 

fr""- ““ “ Aown S 

A ’ ^^encan dried- and frozen-egg industries have benefited 

by the decrease in imports of these products and the dried-egg industry has 
been reestablished in the United States. ^ 

thJunL^r^^r agitation by producers and distributors in 

2 sllen?cf r protection against the importation 

trv are hS! Products, particularly when egg prices in this coun- 

importers can pay the import tax. The 
follows presidential proclamation June 24, 1931, are as 

per pound- an^?-? products, eleven cents 

f ^Sg products, twenty-seven cents per pound. The 

total imports of eggs into the United States are usually less than two per 

This volume, added Tosm- 

pluses which sometimes exist, no doubt exerts a depressing effect on prices 
domesti ^^dio“gh no greater than an expansion of the 

domesPc production by an equivalent amoimt. 
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Industrial Uses for Eggs 

In recent years the term “chemurgy” has appeared in the discussion of 
the farm problem, particularly as related to surpluses of farm products. 
This term applies to the science of developing industrial uses for agricul- 
tural products and thereby reducing surpluses by diverting some of these 
products from human food uses to industrial uses. There are certain in- 
dustrial uses for eggs and egg products v^hich are receiving increasing at- 
tention. (See Chapter One.) 

Recently, considerable progress has been made in the use of fertile eggs 
for preparing vaccines. The virus which causes sleeping sickness in horses 
is now grown almost exclusively on live chick embryos and vaccines de- 
veloped in this manner are very effectively preventing this disease. 

It has been demonstrated that the virus for fowl pox and also for 
laryngotracheitis can be grown on chick embryos and effective vaccines for 
these diseases can be developed by this method. It is highly probable that 
the egg, because of economic and sanitary advantages, will become im- 
portant in the development of immunizing agents for the diseases of 
humans as well as farm animals. Already millions of eggs are being used 
in this new field. 

There is also experimental evidence that the egg may become an im- 
portant agent for the study of disease, serving as a medium in which 
disease organisms may be grown and studied. 

Keview Questions 

1. Where are the surplus egg-producing areas of the United States located? 

2. Show graphically the seasonal marketing of eggs and poultry. 

3. Name the essential marketing services in marketing eggs and poultry. 

4. Name the methods used in determining egg quality. 

5. Can the color of egg yolks be controlled? 

6. Explain how the vitamin content of eggs may be influenced. 

7. What is the origin of “meat spots” in eggs? 

8. List in the order of importance the environmental factors which affect 
egg quality during the summer months; the fall months. 

9. List the essentials of a county or state quality egg program. 

10. How should soiled shell eggs be marketed? . 

11. What effect does shell treatment have on the pH of the shell egg? 

12. Why are eggs broken and frozen? 

13. Is the dried-egg industry of the United States now increasing or decreas- 
ing? Why? 

14. Name the U. S. D. A. egg grades. Describe each. 
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15. Show graphically the seasonal variation in egg prices, 

16. Where have egg auctions developed? Why? 

17. How does an increase in consumer income affect the consumption o£ eggs? 

18. What effect would a uniform grading system for eggs have on egg con- 
sumption ? 

19. Discuss the international egg trade of the United States. 

20. What are some of the niore important industrial uses for eggs? 
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CHAPTER THIRTEEN 


Nlarketing Poultry 


The marketing of poultry in suitable forms for satisfying all market 
requirements is a major problem and one which is of vital concern to the 
producer as well as to the consumer. Great strides have been made in 
developing a suitable system for marketing poultry in the United States. 
No other nation has made such rapid progress in this field. The deyelop- 
ment of special railroad cars and motor trucks has revolutionized the 
shipping of live poultry. The establishment of large packing plants in the 
Middle West, where millions of pounds of dressed poultry are prepared, 
is peculiar to the poultry industry of the United States. The use of 
machinery in the killing and dressing of poultry has reduced not only the 
labor involved but has improved the quality of the poultry packed. Mod- 
ern refrigeration is essential to the marketing of high-quality poultry, and 
millions of dollars have been invested in refrigeration equipment and 
cold-storage warehouses for preserving the quality of dressed poultry. 

Inefficient marketing methods may penalize the producer with lower 
prices and the consumer with an inferior product. The development of 
better methods of marketing will benefit both producer and consumer. 
Reluctance on the part of marketing agencies to adopt improved methods 
may initiate producer or consumer cooperatives. The marketing agencies 
of the future will be those that render the marketing services in the most 
efficient manner and at the least cost for the services given. 

Marketing Live Poultry 

Producers prefer to sell live poultry because they are neither trained nor 
equipped to do the dressing. Therefore the killing and dressing are done 
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usually after poultry leaves the farm. Since there are special demands for 
live poultry in the cities, large quantities of such poultry are transported 
from the eastern and middle western states to these markets. 

Care and Management of Live Market Poultry 

Live poultry should be handled carefully while being moved to market. 
Heavy mortality and losses in quality frequently result from rough han- 
dling and failure to protect the birds against unfavorable weather condi- 
tions. The birds should be protected against rain or snow in cold weather 
and against heat during the summer. Birds exposed to drafts while in 
transit often develop colds when placed in the feeding stations and there- 
fore lose weight. 

Coops. The coops used for marketing live poultry are usually made of 
wood. They are purchased from poultry equipment houses. Producers 
should be very careful about bringing contaminated coops on their prem- 
ises and thereby introducing disease in their flocks. There is a temptation 
to use coops many times and often until they become contaminated with 
disease. The spread of poultry diseases could be reduced if coops were 
never moved from farm to farm or from the poultry markets back to the 
farm. Steel coops which can be disinfected easily are gaining favor. The 
general use of a one-way coop which could be destroyed instead of re- 
turning it to the farm would help prevent the spread of poultry diseases. 

Transportation of Live Poultry 

Live poultry moves from the farm to the local market mainly by truck 
or automobile. . That which is shipped long distances by the producer is 
often sent by truck or railway express. Poultry dealers ship in large quan- 
tities by truck or special live-poultry cars. The amount of live poultry 
shipped to New York City by express, truck, or freight is shown by Fig- 
ure 174. It is evident that truck shipments are supplanting express and 
freight shipments. The use of trucks in moving live broilers to market is 
shown by Figure 175, 

Large quantities of live poultry going to New York and other eastern 
cities come from the Middle West and are shipped by freight in live- 
poultry cars or by live-poultry trucks, such as shown in Figure 175. Many 
of these shipments originate in plants where dressing facilities are not 
available, and therefore the birds must be sold as live poultry. In plants 
where dressing is done, only vigorous birds, which arc in condition to 
make the trip, should be selected for shipment. 

Car-men. The success of these live car shipments depends quite largely 
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YEAR 

COURTESY MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 174. Receipts of live poultry in New York City by freight, truck, and express, 1925--38. 

upon the care and management given the birds by the man in charge of 
the car while en route to market. Feeding and caring properly for four 
thousand to five thousand birds in a live-poultry car is no small task. 
The car-man is usually paid a flat daily wage plus the eggs gathered from 
the car and a bonus for gains in weight obtained, which often does not 
materialize. Thus his earnings depend partially upon the success of the 
shipment. 

Feeding. The birds should be fed the same rations used for fattening 
in the feeding stations. The feeding schedule usually followed is to feed 
the birds early in the morning, at noon, and late in the afternoon. Birds 
which show overfeeding when the car arrives for unloading will not be un- 
loaded until the crop is normal. The use of cracked corn at the last 
feeding will prevent feed from running out of the mouth of the birds 
while they are being unloaded. 

Capacity of live-poultry cars. A carload of poultry consists of approxi- 
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>dern live poultry cars (U. S. D. A.). 
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mately 4,000 chickens or ducks and 1,200 turkeys, and usually weighs 
about 17,000 pounds. Buechel in 1929 reported the average car of live 
poultry arriving in New York as weighing 16,700 pounds. The cars may 
be loaded heavier in cold weather than in hot weather because there is 
less danger of smothering. 

Market Channels for Live Poultry 

Direct marketing. The sale of live poultry to the consumer by the pro- 
ducer has been decreasing. However, the development of roadside 
markets by poultrymen suitably located has proved profitable in many 
cases. Direct sales usually net the producer better prices and effect a 
saving for the consumer. Direct marketing of live poultry may be ex- 
pected to decline except for those poultrymen who can establish successful 
roadside markets. 

Commission merchants. Live poultry commission merchants act as sell- 
ing agents for the shippers, charging from 4 to 5 per cent of the sale price 
for their services. They may specialize in car-lot shipments, in products 
from certain sections, or in certain classes of live or dressed poultry (fowl, 
roasters, turkeys, etc.) . 

Truckers or hucksters. In some sections hucksters collect considerable 
quantities of live poultry and truck the birds to the city markets. Huck- 
sters may sell to the city dealers or direct to retailers and consumers. 

Jobbers. The receivers known as jobbers purchase live poultry from 
the shippers and sell it on their own account. 

Slaughterhouse operators. Live poultry marketed in the large cities is 
killed and it also may be dressed in the slaughterhouses. They keep a 
supply of live poultry on hand from which purchasers may select the birds 
they desire. ^ 

Retail markets. The live poultry which is marketed in the larger cities 
may be retailed through slaughterhouses, chicken stores, chicken stands in 
public markets, or butcher shops. 

Demand for live poultry. The demand for live poultry is decreasing 
even in such cities as New York, where there is a large Jewish population 
(Fig. 174). Consumers are being educated to use dressed poultry and 
American-born Jews apparently are discarding some of the more orthodox 
views of their ancestors relative to food. 

Kosher poultry. The Hebrew religion requires that only poultry meet- 
ing specified requirements, and killed in accordance with the Hebrew laws 
under the supervision of the rabbi, shall be used for Jewish consumption. 
The representative of the rabbi who does kosher killing is called a 
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“schochet.” Recently in New York City a metal leg band called a 
“plumba” has been required on poultry to show that it has met the Hebrew 
dietary laws. A Jewish organization maintains a representative where 
poultry is being kosher killed to band the kosher poultry with “plumbas,” 
charging one cent per bird. Extra marketing costs imposed by these 
regulations serve to still further handicap a diminishing live-poultry trade. 

Hebrew holidays. The demand for live poultry is greatest during the 
Jewish holidays, principal of which are the Passover in the spring and the 
Day of Atonement in the fall. 

Market classes of live poultry. Market terms are often confusing to the 
producers because words which have certain general meanings have in 
some cases been given specific, and what may appear to be illogical, 
meaning by market men. The breed name Leghorn is used to designate 
all small birds, while “colored” is used to indicate medium and heavy 
breeds even though they be white. Plymouth Rock refers to Barred birds 
and the term “black” is used to designate chickens which have black or 
greenish-black shanks. 

The Bureau of Agricultural Economics, United States Department of 
Agriculture, has proposed the tentative classes for live poultry as given on 
pp. 493“4. 

Market grades. Much confusion has existed relative to the grading of 
live market poultry. It is more difficult to grade live poultry than dressed 
poultry because the feathering interferes with the observations of the 
grader. The United States Department of Agriculture has suggested the 
following specifications for tentative U. S. Standards for individual birds 
and buying grades for live poultry : 

U. S. Grade No. 1. A bird of this grade must be vigorous and free from 
external evidence of disease. Must be well-fleshed or fairly well-fleshed and 
fairly well-feathered. Must be soft-meated, if of a class in which soft meat is 
a requirement. It must be fairly well covered with fat and in this connection 
proper consideration should be given to age and sex. May have slight but not 
serious defects or deformities. Considerable abdominal fat allowed in food. 

U. S. Grade No. 2. Any edible bird below the quality of U. S. Grade No. 1 
qualifies for this grade. It must be free from external evidence of disease or 
other conditions that might render the bird unwholesome for human food. A 
bird of thin flesh, or lacking in fat covering, or only partially feathered may 
be included if healthy. May have serious defects, serious deformities, or ex- 
cessive abdominal fat. 

Rejects. Any bird below U. S. Grade No. 2 that might be unwholesome 
for human food. 

All cull birds must be graded as “rejects.” “Rejects” include all birds 
that show evidence of a sick condition, severe injury, extreme emaciation, 
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BUREAU OF AGRICULTURAL ECONOMICS 
TENTATIVE U. S. CLASSES FOR LIVE POULTRY 


Classes 

Breed Subclasses 

Weight Classes 

Description 

Chickens 

Barred Rocks 

Other Heavy Breeds 
Light Breeds 

Small — ^Under 23^ lbs. 

Medium — lbs. 

Large — Over 33^^ lbs. 

Young, soft meated 
chickens of either 
sex, with flexible 
breast bones. 

Stags 

All Breeds 

' 

All Weights 

Young male chickens 
which have begun to 
get hard meated and 
coarse and showing 
well developed comb 
and spurs. Breast 
bones becoming 
rigid. 

Capons 

All Breeds 

j 

Small — 5 lbs. and under 

1 Large — Over 5 lbs. 

Unsexed male birds 
showing practically 
no comb or spur de- 
velopment and with 
profuse tail, saddle 
and hackle plumage. 

Fowl 

Heavy Breeds 

Light Breeds 

Small — ^Under 4 lbs. 

Medium' — 4-5 lbs. 

Large — Over 5 lbs. 

Mature female chick- 
ens with hardened 
breast bone. 

Cocks 

All Breeds 

All Weights 

Mature male chickens 
with hardened breast 
bone. 



Small — 9 lbs. 

^ Tj and under 

Young 

lbs. 

Immature female tur- 
keys with flexible 
breast bone. 

Turkeys 

All Breeds 

Small— 11 lbs. 

1 tt and under 

Old Hens — r -a 

Large — Over 11 

lbs. 

Mature female turkeys 
with hardened breast 
bone. 

Small— 12 lbs. 
Young and under 

Toms — Large — Over 12 

lbs. 

Immature male tur- 
keys with flexible 
breast bone. 



Small — 20 lbs. 
rr and under 

Old Toms- Lurg^er20 

lbs. 

Mature male turkeys 
with hardened breast 
bone. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
BUREAU OF AGRICULTURAL ECONOMICS 
TENTATIVE U. S. CLASSES FOR LIVE POULTRY (cont’d) 


Classes 

Breed Subclasses 

Weight Classes 

Description 

Ducks 

Muscovy 

Small — 4 lbs. and un- 
Young — der 

Large — Over 4 lbs. 

Immature ducks of 
either sex, with eas- 
ily dented windpipe. 

All Other Breeds 

1 

Small — i lbs. and 

Old — under 

Large — Over 4 lbs. 

Mature ducks of either 
sex with rigid wind- 
pipe. 

Geese 

Chinese or Swan 

All Other Breeds 

Small — 9 lbs. and under 

Large — Over 9 lbs. 

Young or old of either 
sex. 

Guineas 

All Breeds 

' Young — ^All Weights 

Immature guineas of 
either sex with flex- 
ible breast bone. 

Old — All Weights 

Mature guineas of 
either sex with rigid 
breast bone. 

Squabs 

All Breeds 

All Weights 

Young immature soft 
meated pigeons of 
either sex. 

Pigeons 

All Breeds 

All Weights 

Mature hard meated 
pigeons of either sex. 


or Other conditions that render them unfit for food. Birds afflicted with 
the following diseases are classed as “rejects”: (1) roup (catarrhal and 
diphtheritic), (2) infectious bronchitis, (3) fowl cholera, , (4) fowl typhoid, 
(5) limberneck, (6) tuberculosis, (7) crop bound, (8) cripples and weak 
birds, and (9) water belly (Ascites). 

Market inspection and regulation. The United States Department of 
Agriculture provides inspectors in the principal live-poultry markets. 
The inspectors examine the poultry for the amount of feed in the crops. 
If the birds in a car have an average of two ounces or more of feed in their 
crops they cannot be unloaded on the day of inspection. These inspectors 
examine the birds for disease and supervise the disposal of dead and 
diseased birds. 

The live-poultry industry in some of the larger markets, notably New 
York City, has been subject to rackets, combines in restraint of trade, and 
other abuses. Under the Packers and Stockyard Act, the federal govern- 
ment has been given authority to regulate these markets. The Secretary of 
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Agriculture has placed several markets under federal supervision, and it is 
hoped that proper regulation will correct the abuses which have arisen. 

Improving the quality of market poultry. Any observer of live poultry 
received at the markets will find a wide variation in the quality of such 
poultry, with much of it definitely inferior. It is not likely that much 
progress can be made in improving the market quality of poultry as long as 
those who produce poultry are paid the same price per pound for grade 
A poultry as for grade C poultry. The factors which determine quality 
are complex, and improvement in quality will be slow; but the first req- 
uisite is an economic motive which graded buying with suitable price 
differentials would provide. The quality of market poultry can be im- 
proved by the selection of more suitable strains of poultry, by breeding for 
desirable market characters, by using well-balanced rations, by controlling 
diseases and parasites, and by following other good management practices. 

Cost of marketing live poultry. The. cost per pound of marketing live 
poultry shipped from the Middle West to New York City was estimated in 
1938 by the Consumers Service Division, Department of Markets, New 


York City to be as follows: . 

Price paid the farmer 17.000 cents 

County agent or buyer. 1.000 

Transportation 1.7S0 

Shrinkage. 1.080 

Stand men (unloading, etc.). .. . . . . .... . .240 

Weighmaster .050 

Inspection (U. S. D. A.) .044 

Coops.... •361 

Loaders.. .142 

Receivers. 1.000 

Wholesalers truck. .500 

Slaughterhouse labor .750 

Schochet. .500 

Slaughterhouse administration .750 

Plumba, etc. .250 

Slaughterhouse operators margin .250 

Retailer........ ..... 7.000 

Pluckers charge to consumer. . . ....... 1.250 


Total. 33.917 cents 


Feeding Station Management 

The purpose of fattening. There are two main objectives in fattening 
poultry: (1) improve the quality of the flesh, and (2) increase the weight 
of the birds. 



^ 


many rows of fattening batteries in a modern fattening station. 
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Location of feeding stations. Feeding stations in the United States are 
located primarily in the poultry-packing plants in the producing areas of 
the Middle West. While feeding batteries are used in poultry plants 
located in the cities, their principal use there is for holding poultry, but 
they are also used for fattening poultry (Fig. 176). 

Selection of stock. Only healthy, vigorous birds should be placed or 
kept in fattening batteries. Birds which develop “gapes” or go off feed 
from any other cause should be removed from the batteries. The care- 
taker should inspect the birds on feed at least once each day and remove 
birds which are out of condition or “off feed.” 

Sanitation. An outbreak of disease may cause serious losses in a feeding 
station. Therefore sanitation, though difficult, is very important. Bat- 
teries, after each lot of birds has gone through them, should be thoroughly 
cleaned and disinfected. At least once each year the entire feeding station 
should be carefully cleaned and disinfected. If the plant is having trouble 
with colds among the birds, or as a safeguard against such an outbreak, the 
birds should be sprayed with a fine formaldehyde spray. This spray mix- 
ture for use in cold weather consists of glycerine 3, 50% formalin solution 
15, warm water 82 (parts by weight). For use in warm weather 3 parts of 
denatured alcohol are added and the other materials as listed above are 
changed to 2, 7, and 88 parts respectively. 

Fattening poultry. Satisfactory gains are necessary for the economical 
operation of feeding stations. During recent years feeding stations have 
been used primarily for holding birds for a few days until they could be 
killed, instead of holding them for a long feeding period. The problem of 
economical gains from fattening in feeding stations has become more dif- 
ficult in recent years. 

Rations. The rations used for fattening poultry should be palatable, 
highly digestible, free from ingredients which impart undesirable flavors 
to the meat, not too expensive or complex, and they should contain the 
materials necessary to insure gains and produce the type of carcass preferred 
by consumers (p. 353) . 

Gains in weight from feeding. The gains made depend upon the 
condition of the birds, their age, their size, and the rations which they 
receive. The Missouri Agricultural Experiment Station reported in 1932 
the results given in Tables 59 and 60, which show that young chickens such 
as broilers usually make larger gains than hens. It was also found that the 
small or medium-sized broilers, roasters, or hens made greater gains than 
did large birds of the same classes. 

Gains made today as compared to twenty-five years ago. Why do chick- 
ens make smaller gains when fed in the feeding stations of the packing 
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Table 59 

GAINS MADE BY ROCK BROILERS FED TEN DAYS ^ 


Lot 

Number 

of 

Birds 

Ration 

Initial 

Weight 

Final 

Weight 

Gain 

Dressed 

Weight 

Dressing 

Loss 

Percent- 
age of 
Initial 
Weight 
Packed 




Pounds 

Pounds 

Per Cent 

Pounds 

Per Cent 


46 : 

94 

Basal + Condensed 









Buttermilk 

19S.6 

236.3 

20.1 

204.7 

13.4 

104.7 

1 

98 

Basal + Liquid But- 









termilk 

211.9 

262.3 

23.8 

234.8 

10.5 1 

110.8 

7 

100 

Basal + 5% Dried 



1 






Skim Milk 

208.0 

248.1 1 

19.3 

222.0 

10.5 

106.7 

13 

98 

Basal -h 10% Dried 









Skim Milk 

18S.3 

14:1,1 

31.0 

213.3 

12.1 

115.1 

19 

96 

Basal 4* 15% Dried 









Skim Milk 

201.6 

271.3 

34.6 

238.5 

! 12.1 

118.3 

25 

98 

Basal + 20% Dried 









Skim Milk 

21S.7 

270.3 

25.3 

240.9 

K).9 

111.7 

Total 

1218.1 

1531.0 

1S.7 

1354.2 

11.5 

111.2 


Table 60 

GAINS MADE BY ROCK HENS FED SEVEN DAYS ^ 


Lot 

Number 

of 

Birds 

Ration 

1 

Initial 

Weight 

Final 
Weight 1 

Gain 

Dressed 

Weight 

Dressing 

Loss 

Percent- 
age of 
Initial 
Weight 
Packed 




Pounds 

Pounds 

Per Cent 

Pounds 

Per Cent 


49 

90 

Basal + Condensed 









Buttermilk i 

347.4 

408.1 

17.5 

363.1 

11.0 

104.5 

4 

89 

Basal + Liquid But- 









termilk 

352.5 1 

401.6 

13.9 

364.1 

9.3 

103.3 

10 

95 

Basal + 5% Dried 









t Skim Milk 

' 416.6 

436.5 

9.6 

419.1 

8.2 

100.6 

16 

95 

Basal + 10% Dried 









Skim Milk 

360.6 

421.7 

16.9 

377.1 

10.6 

104.6 

22 

91 

Basal 4" 15% Dried 









Skim Milk i 

361.8 

395.5 

9.3 

357.0 

9.7 

98.7 

28 

96 

Basal 4* 20% Dried 









Skim Milk 

414.3 

434.4 

9.7 

408.9 

10.0 

98.7 

Total ..^ 

2253.2 

2537.8 

12.6 

1 

2289.3 

i 

9.8 

101.6 


plants now than they did twenty-five years ago ? This is a much discussed 
problem among poultry packers. Some feeders believe that the birds re- 
ceived at the feeding stations today do not possess the vitality that similar 


^ Mo. Agr. Expt. Sta. Bui. 309, 1932. 
^IHd. 
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receipts did a quarter o£ a century ago. The more plausible explanation is 
that today most poultry as raised receives better growing and fattening ra- 
tions than poultry did before 1920. Whereas during the earlier period the 
growing stock foraged for much of their living and those fed received 
rather inferior rations so that growth was slow and very little fat was 
stored, today young growing chickens have high protein mashes before 
them continually and in many cases grain is also kept in hoppers before 
them. 

The poultry of 1900 to 1920 grew slowly and developed a framework on 
which the packer could quickly add fat and therefore get rapid gains. To- 
day young chickens come to feeding stations from full feeders. They are 
relatively fat and they are not hungry. Too often it is true they come in- 
fested with worms or infected with disease, conditions which, of course, 
cause losses instead of gains in weight. The occurrence of the “gapes” in 
recent years has also interfered with long feeding periods. 

Feeding period. The length of time poultry can be fed profitably in 
the feeding stations depends on their fatness when received, size, age, and 
season of the year. Under Missouri conditions, which are probably rep- 
resentative of the section of the United States where most of the large 
feeding stations are located, it is no longer profitable to feed poultry after 
October 1. Satisfactory gains can be obtained from April 1 to October 1. 
After October 1 “gapes” and other diseases are common. From April 1 
to October 1 springs may be fed for four to seven days and fowl from four 
to six days. The following statement by a poultry packer located in the 
Middle West describes the change in fattening which has occurred: 

During the past twenty-five years, we have certainly had a radical change in 
our feeding station methods, the big change coming about 1925 when the 
“gapes” hit this part of the country, and our feeding period being reduced 
accordingly. Prior to 1924, disease was practically unknown to us, except 
occasional cases of roup, and we could feed broilers and fryers up to fourteen 
days profitably, and of course could make some very fine poultry which is 
not possible to do now. Prior to 1925, it was not necessary to use the same 
strict sanitary methods in the feeding stations that we have to now, nor was 
it necessary to watch the ventilation so closely. But now with the very best 
systems of ventilation, the closest watch, better feeds, and the strictest methods 
of sanitation, it is almost impossible to feed the chickens long enough to get 
any profitable gains on poultry except during the summer months, and even 
then it does not compare with what we had prior to the time when the 
“gapes” struck this part of the country. 

Feed consumption. The amount of feed required to produce each 
pound of gain determines quite largely the profits from fattening poultry. 
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If small gains are made, feed cost per pound of gain becomes excessive and 
feeding unprofitable. Feed consumption per bird and economy of gains 
is given in Table 61 for broilers, roasters, and hens. These results show 
that under favorable conditions gains may be very economical. 

Source of fat and its distribution. Results secured at MacDonald Col- 
lege showed that the distribution of fat in the carcass of the fattened bird 
was influenced by the kind of grain used in the fattening ration. Corn, as 
shown in Table 62, gave a very satisfactory distribution of fat, while birds 
fed oats and wheat had much less fat stored in the flesh. 

Table 61 


FEED CONSUMPTION AND GAINS WHEN BIRDS WERE FED LIQUID BUTTER- 
MILK. HENS AND ROASTERS FED SEVEN DAYS 
AND BROILERS FED TEN DAYS.^ 


Lot 

Num- 

ber 

Stock 

F EED Consumed * 

Pounds 

OF Gain 

Pounds of 
Feed per 
Pound 
Gain 

j 

Total Pounds 
of Feed 

Pounds of Feed 
per Bird 
per Day 

1 

98 

Rock Broilers 

157.9 

.1611 

50.4 

3.1 

2 

95 

Red Broilers 

1S9.9 

.1683 

52.6 

3.0 

3 

100 

Leghorn Broilers 

166.9 

.1669 

57.8 

2.9 

^ i 

89 

Rock Hens 

137.4 

.2205 

49.1 

2.8 

5 

93 

Red Hens 

142.7 

.2192 

53.5 

2.7 

6 

97 

Leghorn Hens 

159.3 ; 

.2346 

42.0 

3.8 

31 

95 

Rock Roasters 

126.6 

.1904 

33.1 

3.8 

33 

88 

Red Roasters 

123.9 

.2011 

34.0 

3.6 

32 

86 

Rock Roasters 

120.7 

.2005 

35.8 

3.4 

Average 

143.9 

1 

' .1914 

45.4 

3.2 


* Feed consumption was calculated by considering liquid buttermilk as containing 10 per cent solids. 


Table 62 


PER CENT DISTRIBUTION OF FAT IN THE BODY ^ 


Cereal 

Total Fat 
to Dressed 
Weight 

In Flesh 

In Skin 

Abdominal F at 

Corn. 

13.4 

30.0 

55.0 

15.0 

Barley 

12.1 

26.0 

59.0 

15.0 

Oats. 

12.1 

22.0 

57.0 

21.0 

Wheat... 

12.9 

1 

20.0 

60.0 

20.0 


s Ibid. 

^ Maw, 1935. 
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Cramming. Forced feeding of poultry is not practiced in America be- 
cause of the labor cost of the gains secured. In Europe this method is used 
to secure extra gains. The birds are fed by the use of cramming machines 
which are used to force soft feed through a tube into the crop of the bird. 
Evidently the appetite of a bird is not a true indication of what it can digest 
since birds crammed make satisfactory gains. 

Recently some feeders in packing plants have been cramming turkeys. 
Such a procedure will, no doubt, increase weight by filling an empty 
digestive tract but it is doubtful if any improvement in the quality or 
quantity of turkey meat can be made by cramming. 

Equipment. While being fattened, the birds are usually held in six- 
teen-compartment portable steel batteries, as shown in Figure 176. These 
batteries are durable and they can be easily cleaned and disinfected. The 
capacity of these batteries is ninety-six mature birds. Feeding vats in 
which the wet mashes are mixed and moved are standard equipment in 
feeding stations. Buckets with spouts for pouring feed are used for 
distributing the feed to the feeding troughs. Scales are needed for weigh- 
ing' batteries containing birds and for weighing small lots of birds as they 
are received. Other equipment needed are the tools necessary for keeping 
the plant clean. 


Dressed Poultry 

Since most consumers do not wish to be bothered with killing and 
dressing poultry, they now purchase dressed poultry. Improvements in 
killing and dressing and in preserving dressed poultry have gained for it 
the confidence of the consumers. As the industry continues to improve 
the quality of dressed poultry, consumer demand for such poultry will be 
increased. 

Marketing channels. The channels by which poultry moves to market 
are shown in Figure 177. Most of the dressed poultry is killed and dressed 
in the poultry-packing plants located in the producing areas. It is sub- 
sequently transported to the consuming markets or placed in cold-storage 
warehouses. 

Market classes of dressed chickens. At times nearly 150 grades and 
classes of poultry are quoted on the New York market. Since the type of 
birds marketed varies greatly and the demands of the market are complex, 
it is necessary to have many subdivisions for market poultry. The 
Bureau of Agricultural Economics of the United States Department of 
Agriculture has proposed the following classes for dressed chickens. 
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Fig. 177. Market channels for poultry. 


Broilers. Young chickens, approximately eight to twelve weeks old of either 
sex, of marketable age but not weighing over two and one-half pounds and 
sufficiently soft meated to be cooked tender by broiling. 

Fryers. Young chickens, approximately fourteen to twenty weeks old of 
either sex, weighing more than two and one-half pounds, but not more than 
three and one-half pounds, and sufficiently soft meated to be cooked tender by 
frying. 

Roasters. Young chickens, approximately five to nine months old, of either 
sex, weighing over three and one-half pounds and sufficiently soft meated to be 
cooked tender by roasting. 

Stags. Male birds, of any weight or age, with flesh slightly darkened and 
toughened and with comb and spur development showing the bird to be in 
a state of maturity between roasting chickens and cocks. 

Slips. Incompletely caponized male birds, weighing over four pounds, with 
comb, spur, and flesh development similar to that of stags which, for grading 
purposes, are classed as stags or roasters depending upon tenderness of flesh. 

Cocks. Mature male birds of any weight, with darkened and toughened 
flesh. 

Capons. Unsexed male birds weighing over four pounds, usually seven to 
ten months old, and with soft and tender flesh. 

Fowl. Mature female birds of any age or weight. 


Seasonal Production OF Poultry 

The seasonal variation in the production of poultry is indicated by the 
monthly receipts of dressed poultry in the four largest markets of the 
United States: New York, Chicago, Boston, and Philadelphia (Fig. 178). 
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1926-35 

COURTESY MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 178. Seasonal receipts of dressed poultry at New York, Chicago, Philadelphia, and Bos- 
ton, 1926-35. 

Most poultry meat is a by-product of egg production coming from the 
cockerels which were the hatch-mates of pullets intended for layers and 
also from the discarded layers. Since most chicks are started in the spring 
and mature in the fall, and most culling of laying flocks is done in the fall, 
receipts of poultry are greatest during the late fall months. Turkeys also 
increase the receipts during. November and December. In 1945 the Chi- 
cago market received 54.2 per cent of its dressed poultry during October, 
November, and December. 

Killing and Bleeding Poultry 

Where dry picking is used, poultry should be killed by bleeding and by 
piercing the hind brain with a sharp pointed knife inserted through the 
cleft in the roof of the mouth or through the opening in the skull by which 
the optic nerve enters the eye. Proper sticking destroys the nerve tissue 
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and relaxes the muscles which hold 
the feathers, thereby lessening them 
so that they may be more easily 
plucked. Piercing the brain is not 
necessary when poultry is scalded or 
semi-scalded. 

Bleeding. Bleeding may be ac- 
complished by severing the neck, by 
dislocating the neck, or by severing 
the large blood vessels of the neck 
either by cutting the throat of the 
bird or by making the cut inside the 
bird’s mouth. Dislocating the neck, 
as shown in Figure 179, is a simple 
and sanitary method of killing poul- 
try for home use. Birds killed for the 
kosher trade must have their throats 
cut with a sharp knife so that the 
windpipe, gullet, and jugular vein 
are completely severed. In commer- 
cial packing plants where dressed 
poultry is prepared, bleeding (where 
dry picking is practiced) is accom- 
plished by inserting the knife into 
the mouth and severing the veins as 
indicated in Figure 180. Where 
semi-scalding is used, bleeding is 
sometimes accomDlished bv enffino- 


Electrocution. Recently there has been developed a machine for killing 
poultry by electrocution and for bleeding the poultry electrocuted. It is 
too early to evaluate this method, but its development indicates the alert- 
ness of American inventors in developing new machines for improving 
marketing methods. 
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Fig. 180. Bleeding of poultry is accom- 
plished by inserting a special knife through 
the mouth and severing the blood vessels as 
indicated. (Drawing by Noel Hall.) 


Dressing 

The value of dressed poultry may 
be greatly reduced because of faulty 
dressing. Skilled workmen, employ- 
ing correct methods, can dress poul- 
try so that maximum prices may be 
obtained. 

Hard scalding. One of the earliest 
methods developed for removing the 
feathers from freshly killed poultry 
was that of immersing the birds in 
hot water (180° R to 190° R). 

While hard scalding expedites the re- 
moval of feathers, it destroys some of 
the food value of the poultry and 
produces an unattractive carcass after 
the surface of the body has thor- 
oughly dried. While hard scalding is 
still used for home dressing and for 
dressing birds which are to be delivered to the kitchens of hotels and 
restaurants, this method is not used for preparing dressed poultry for the 
regular market channels. 

Dry picking. Hard scalding was replaced by dry picking and for many 
years prior to 1925 the poultry which was dressed in the packing plants was 
dry picked. Birds which were properly killed by piercing the brain could 
be picked without being scalded. The pickers were divided into two 
groups: the ‘roughers,” who removed the large wing, tail, and body 
feathers, and the “pinners,” who removed all of the remaining feathers, in- 
cluding the pinfeathers. Plants using this method paid the workers for 
the number of birds roughed and pinned. A dry-picking machine has 
been used in Europe for removing the feathers of market poultry. 

Semi-scalding. The development of the semi-scald method for remov- 
ing feathers from poultry was very rapid and from 1925 to 1935 practically 
all the larger packing plants adopted this newer method for picking poul- 
try. Special machinery for handling the birds was installed in most plants 
using this method. Some of the instructions supplied by the manufacturers 
of the machines are as follows: (1) Good bleeding is essential; this means 
severing both the vein and artery*. By this method, bloody crops are im- 
possible. Some operators simply cut the throat, from inside or outside the 
mouth. (2) Birds, according to age, may be placed on the shackles and 




■ :. ---— ^ from twenty seconds to two 

minutes before reaching the 
■ scalding tank. (3) Time of im- 

: \ mersion: the machine may be 

changed at will by the operator; 
' ,1 . broilers may be immersed twenty 

I thirty seconds, older birds 

’ ■ ^ ' ’ / ter is controlled by an automatic 

/ ' i thermostat on the steam intake 
'' - '' \ ' ' ' -'^X f • I hne. When set at 128® F. for or- 
Y j \ I dinary scald, or with special 185 ° 

v/ ■':- 1 I ' ' thermostat for hard scald, the 

-J • - A-,i- ' ' <■ temperature will automatically 

- yfo , / - 'V \ I be maintained. (5) Birds should 

; ' • AV ^ picked in a reasonable time 

^ ’ after leaving the tank. Pickers 

' ' / ; '' should pick, never scrape or rub. 

' ■ / (6) Heads should be dry before 

. : wrapping. (7) Birds should be 

put in coolers within one hour 
.9' '' '" 1 ;, after being picked. 

" . Those engaged in packing 

\ ^ , poultry prefer the semi-scald 

, method for removing feathers 
because it (1) reduces labor costs, 
' (2) improves the appearance of 

' ^ the dressed bird, and (3) in- 

L I . ^ ^ ^ , creases the number of birds 

which go into the higher grades. 

Fig. 181. Equipment used for dressing poultry: Semi-SCald and Wax picking. 

A, sticking knife; B, shackle for holding bird; C, ^ J 

pinning knives; D, cup for catching blood. Soon after the SCmi-SCald method 

of picking came into general 
use, C. V. Rosenberger, Independence, Iowa, patented (in 1929) the wax 
method of removing the feathers (Fig. 182) . This special wax may be 
purchased from the manufacturers. This method has been combined 
with the semi-scald method, but results released by the National Research 
Council of Canada in 1935 indicate that wax picking may be developed 
so that semi-scalding can be eliminated and dry-picked birds dipped in 
the wax. 


Fig. 181. Equipment used for dressing poultry: 
A, sticking knife; B, shackle for holding bird; C, 
pinning knives; D, cup for catching blood. 
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Birds from which the large feathers have been removed are dipped in 
melted wax and then sprayed with cold water to harden the wax. Some 
waxes in use harden without being sprayed with cold water. When the 
hardened wax is peeled away the feathers, pinfeathers, '‘hair,” and scales 
are removed, and an attractive dressed bird is produced at a greatly reduced 
labor cost. The hardened wax in which the feathers are embedded is re- 
claimed by boiling away the water and removing the feathers so that the 
wax may continue to be used. 

The steps involved in wax picking of poultry on the farm are outlined 
by the National Research Council of Canada as follows : 

1. Melt wax. This should be started an hour or so before plucking is to be 
done. 

2. Kill the birds. Do this while wax is being melted. 

3. Rough plucking. 

(a) Dry roughing may be practiced in most cases. Cool the birds by 
hanging for one hour or more after plucking. 

(b) Semi-scalding for very pinny young birds or moulting birds. Hang 
the bird for an hour or two to dry. 

4. Adjust temperature of wax to 130^F. 

5. Dip the birds from three to five times to give them a good coating of wax. 

6. Harden wax coat by hanging bird for thirty minutes or by dipping in cold 
water for one minute. 

7. Remove wax coat. Keep container handy for collecting used wax. 

8. Melt down used wax and strain off feathers and other waste. 

Picking machines. A more recent development is the feather-picking 
machine. This machine is used in conjunction with semi-scalding. Such 
a machine removes the feathers very efficiently and with a minimum of 
labor. The machines are located along “the line” so that the birds are 
carried by conveyers through these machines. 

Dressing problems. Dressing is a processing service whereby live poul- 
try is converted into a consumable form. In dressing, every effort should 
be made to avoid bruises, tears, and broken bones. To insure more attrac- 
tive birds for the consumer the head should be wrapped as shown in Fig- 
ure 183 , the feet should be cleaned by washing, and the lower intestines 
emptied by applying pressure on the abdomen and forcing their contents 
out through the vent. 

Grading Dressed Poultry 

Grading is essential to economical and intelligent trading in dressed 
poultry because traders located several hundred miles apart trade in the 





Upper^ removal of wax after birds have passed through the dipping tanks. Lower left, dressed 
birds on racks in the chill room. Lower right, grading dressed poultry before packing or 
evisceration. The birds are graded according to weight and quality of carcass. Compart- 
ments are provided for several weights and different grades of each. 
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grade, B 


U.S.,COMMERCfAE OR 
grade c 


Tentative U. S. standards for dressed fowl. 


MARKETING POULTRY 


511 


poultry meat of several species which varies from that which is worthless to 
that which is excellent. The packing plant is fortunate which employs 
a well-trained grader who knows how to separate the birds into their re- 
spective grades to realize the greatest returns. 

U. S. standards and grades for dressed poultry. The Bureau of Agricul- 

TENTATIVE SPECIFICATIONS FOR U. S. STANDARDS AND GRADES FOR 


DRESSED BROILERS, FRYERS AND ROASTERS. (PROPOSED BY 

THE BUREAU OF AGRICULTURAL ECONOMICS, U. S. D. Av, 

MARCH, 1938 .) 

U. S. Special or 
U. S. Grade AA 

Young, fine-grained, soft-meated birds with broad, full-fleshed breast, 
the entire carcass entirely covered with fat and with skin soft and 
glossy lying close to the flesh. Must be well bled, well dressed, and 
free of pinfeathers. No flesh or skin bruises allowed, and only slight 
skin abrasions, or discolorations permitted, none of which shall be 
on the breast. No crooked breasts or other deformities allowed. A 
broken or disjointed wing above the wing tip, or a broken or dis- 
jointed leg not permitted. No open tears or torn skin permitted. 
Must be dry-picked or semi-scalded, and dry packed. 

U. S. Prime 
or 

U. S. Grade A 

Young, soft-meated birds, with well-fleshed breast, the entire. carcass 
well covered with fat, and with soft glossy skin. Must be well bled, 
well dressed, and practically free from pinfeathers. No flesh bruises 
and only very slight skin bruises, abrasions, or discolorations per- 
mitted, none of which shall be on the breast. No crooked breasts or 
other deformities allowed. Broken wings above the wing tips or 
broken legs not permitted. Torn skin not permitted. No sewn 
skin permitted on the breast or fleshy part of the carcass and only 
slight sewn tears permitted on the back. Birds with crops properly 
removed and sewn up may be included in this grade. Must be dry- 
picked or semi-scalded and dry packed. 

U. S. Choice 

or 

U. S. Grades 

Young, soft-meated birds, with fairly well-fleshed breast, and with 
carcass fairly well covered with fat. Must be fairly well bled and 
dressed, and may show few scattered pinfeathers over the entire 
carcass. Slight flesh or skin bruises, abrasions, or discolorations per- 
mitted, but not more than three such defects if on the breast. 
Abrasions or tears over two inches in diameter not allowed unless 
properly sewn up. Dented or slightly crooked breast bones or 
other slight deformities permitted. One broken wing or one broken 
leg in the flesh permitted if bone does not protrude through the flesh 
and if not showing excessive bruise or blood clot. 

U. S. Commercial 

or 

U. S. Grade C 

Young birds with poorly fleshed breast and with carcass poorly covered 
with fat. May show evidence of poor bleeding and have numerous 
pinfeathers over the entire carcass. Abrasions and discolorations 
permitted and hunch backs or other deformities allowed if birds are 
fairly well fleshed. Birds badly bruised so as to make any appreci- 
able part of the carcass inedible or birds emaciated or showing ex- 
ternal evidence of disease not permitted. 
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tural Economics of the United States Department of Agriculture has de- 
veloped tentative specifications for the different grades of dressed poultry 
(Fig. 183) . Turkeys are being graded quite generally according to gov- 
ernment grades and their use in grading other dressed poultry is gaining in 
popularity. The grades as proposed for broilers, fryers, and roasters are 
given on p. 511. 

Grades used by the packers. . The packers have not adopted the grades 
proposed by the Bureau of Agricultural Economics. Most of them have 
special grade names which they have advertised over a period of years and 
they are reluctant to discontinue such established grade names as Priebe 
Quality Brand, Swift’s Premium, etc. The grades used by Priebe and 
Sons, Inc., Chicago, Illinois are representative of the grades used by poul- 
try packers. They are as follows: Priebe Quality Brand, to consist of all 
No. 1 birds, free from pinfeathers, of good color and good flesh, no 
crooked breasts and no broken wings; Priebe Sunset Prairie Brand, to 
consist of birds not good enough for the Quality Brand in color or flesh, 
slightly pinny birds, slightly torn birds, also birds with broken and slightly 
dislocated wings. 

They also make a third grade which consists of birds not good enough 
for the Prairie Brand, badly torn birds, poorly picked, thin breasted but 
not culls. 


Packing Poultry 

The process of packaging poultry together with allied processes is 
known in the poultry trade as packing poultry. 

Containers. The containers in which poultry is packed may be wooden 
barrels or boxes made out of wood or fiberboard. Barrels are used 
primarily for shipping nearby poultry to the eastern markets and for ship- 
ping turkeys. Barrels are also used for packing cocks and lower-grade 
poultry in the large packing plants. However, boxes are replacing barrels 
for the packing of turkeys. Types of containers most generally used for 
dressed poultry are shown in Figure 184. Boxes of many different 
dimensions are required for packing the different sizes of birds. 

Style of pack. While other types of packs are used in arranging the 
dressed birds in their respective containers, the great bulk of the poultry 
killed and dressed in the United States is packed breast up in boxes with 
twelve birds to each box. The style of pack generally used is the breast 
pack shown in Figure 184. With the development of quick freezing and 
full drawing, there has come the use of individual bird wrappers made out 
of cellophane, cloth, and parchment paper. Attractive packages contain- 
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Fig, 184. Packing dressed poultry. Above, the breast pack generally used for all classes of 
dressed chickens. Below, two types of containers used for dressed poultry, the wire-bound 
wooden box and the fiberboard box. (Courtesy National Container Association.) 
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ing individual birds are also being used. Poultry is being packed and dis- 
played with a greater consumer appeal each year. Eviscerated poultry is 
being packed in some plants in cardboard containers, six birds per box. 

Maintaining the Quality of Dressed Poultry 

The maintenance of the quality of the freshly killed bird until it is con- 
sumed constitutes an important marketing problem. Research agencies 
both governmental and industrial have contributed to its solution. 

Cooling* Freshly killed poultry should be cooled as soon as possible. 
Cooling in cold water is sometimes used when the birds are killed for 
local consumption or nearby markets. Because several hours are required 
for cooling and the keeping qualities of the birds are reduced, water cool- 
ing has limited usage in poultry packing plants; however, it is used in 
some plants as a supplement to dry chilling. In commercial poultry- 
packing plants most of the dressed poultry is cooled in the coolers where 
the temperature ranges from 30°F. to 34 ‘^F. The dressed birds are hung 
on portable steel racks which hold from 150 to 180 mature chickens and 
then rolled from the dressing room to the cooler. When the internal 
temperature of the carcasses has been reduced to 35 ^F. or lower, the birds 
may be packed. The rate of cooling may be increased by circulating the 
air in the cooling room. 

Ready-to-cook poultry. For many years it was maintained that un- 
drawn poultry would keep better than poultry which was drawn. Under 
the conditions which prevailed in the industry when the research work on 
this problem was done by Dr. Mary Pennington and her associates in the 
Bureau of Chemistry of the United States Department of Agriculture, 
this was no doubt true. With improved refrigeration and the advent of 
the quick-freezing process, the drawing or evisceration of poultry which 
was to be marketed or stored became possible. While much consumer 
education will be required before a great demand for oven-dressed poultry 
can be created, this new industry is developing and we may expect a 
shifting from undrawn to full-drawn poultry. At the Food Preservation 
Conference held at Pennsylvania State College, June 23, 1938, it was 
estimated by V. R. H. Greene, a consulting engineer, that only 1 per cent 
of the poultry packed in 1937 was eviscerated. The operation of an 
eviscerating room is shown in Figure 185. It is believed by those who have 
studied the problem that the quality of poultry can be maintained better 
in full-drawn and quick-frozen birds which are properly refrigerated than 
in the undrawn poultry. 

The future of ready-to-cook poultry prepared in the production areas 
appears bright because this is sound marketing procedure. 



Fig. 185. Preparation of oven-dressed poultry. Top, eviscerated and ceffophane-wrapped 
turkeys being placed in a fast-freezing chamber. (Courtesy Frosted Food Sales Corp.) Cen- 
ter, packing eviscerated and cellophane-vrrapped broilers. (Courtesy Swift and Company.) 
Bottom, preparing ready-to-cook poultry before fast-freezing. (Courtesy Fairmont Creamery 
Company.) 
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1926-35 

COURTESY MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 186. Seasonal variation in cold storage holdings of dressed poultry in the United States, 
1926-35. 

Quick freezing. There are three processes of quick freezing poultry 
used in the United States, The ‘‘Z” process uses a brine mist at 0®F. or 
lower, which is sprayed over the birds, thereby freezing them. The Birds- 
eye process freezes poultry under pressure and at low temperatures (—"25° 
to —50 °F.) by bringing the product in contact with hollow metal plates 
which are cooled by the direct expansion of ammonia. Another process 
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used for freezing poultry is the use of strong cold (—40°F.) air blast 
blown against the birds. 

Quick freezing does not injure the quality of the meat as does slow 
freezing, because rapid freezing prevents the formation of large ice crystals 
which rupture the cells. 

Refrigeration. Artificial refrigeration is essential to the proper mar- 
keting of poultry in the United States. The seasonal nature of production 
as indicated in Figure 178 makes it necessary to have in storage on January 
I of each year usually more than 100,000,000 pounds of poultry. Cold- 
storage warehouses render this service to the industry. The seasonal hold- 
ings of dressed poultry in cold storage for 1933-37 is shown in Figure 186. 

Freezing. Dressed poultry may be rapidly frozen when delivered to the 
cold-storage warehouse by placing it in a room where the temperature is 
— ^20 °F. Since low temperatures are more expensive than high tempera- 
tures in a cold-storage warehouse and it has been believed that too low 
temperatures are injurious to the quality of dressed poultry, poultry has 
been frozen at 0°F. and stored at temperatures above zero. More recently 
it has been learned that the quality of dressed poultry is improved when it 
is quickly frozen at very low temperatures ( — 20®F.) and held at tempera- 
tures well below 0°F. Poultry stored for three years at — 20 °F. has been 
found to retain its quality in splendid condition. At present the tendency 
is for the more progressive warehouses to use temperatures below 0°F. for 
freezing and storing poultry. The average temperature of most cold- 
storage warehouse poultry rooms is about 0°F. 

Freezer burn. As a result of dehydration at low temperatures there 
sometimes develops in dressed poultry a condition known as “freezer 
burn,” which mars the appearance of the birds and reduces their sale price. 
The skin immediately surrounding the feather follicles is usually dried out. 
Poultry stored where the humidity is relatively low and the temperature 
fluctuates widely is most likely to show this dessication or “freezer burn.” 
Wrapping the individual birds, using containers which are nearly air tight, 
and lining the boxes with paper has a tendency to reduce damage from 
“freezer burn.” 


Canning and Smoking Poultry 

Home canning. Canning of poultry meat for use in the home has been 
practiced by farm housewives for many years. The following instructions 
for home canning are taken from Directions for Canning Chicken at 
Home, supplied by the Institute of American Poultry Industries. 
Preparing the meat. Prepare the chickens as for cooking. Pick, singe, 
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remove pinfeathers, wash, and cut into the usual pieces for serving. 
Clean thoroughly, taking care not to break the gall bladder, which would 
make the meat unfit for use. The lungs, kidneys, eggs, and liver should 
not be used for canning, but the gizzard and heart may be, if desired. 
Trim off any large pieces of fat, so that it may not interfere with the 
penetration of heat. Cut the white meat in large pieces from the breast 
bone and shoulders, but leave the meat on the bones in other pieces. Cut 
the neck off close to the body. Use the very bony pieces, such as back, 
neck, and perhaps the feet, after they have been skinned, for making broth 
to fill up the containers. Make the broth by covering the bony pieces with 
lightly salted cold water, bring to the simmering point, and simmer until 
the meat becomes tender. 

Preheating and packing. Preheating may be done in several ways, the 
aim in all of which, however, is to heat the meat thoroughly until no red 
color shows. It is not necessary nor desirable to preheat until the meat is 
cooked to doneness, since a subsequent canning process will then overcook 
the meat. Either tin cans or pint glass jars may be used as containers. 
Wash glass jars, lids, and tin cans before using. Keep lids for tin cans dry. 

Pack the chicken without cramming, and use some pieces with bone in 
each container. Leave space for liquid to circulate around the meat. 

Preheating may be done by the following method : Place the chicken in 
a small quantity of boiling water, lower the heat, and simmer. After 
thoroughly heating, pack in tin cans, or glass jars, bring the broth to 
boiling, and pour over the meat to within one-half inch from the top of the 
container. Add salt, one-half to one teaspoon per pint, and if it is desired, 
a small quantity of gelatin, one tablespoon per pint softened in cold liquid, 
may be added to the broth. Fully seal tin cans or partially seal glass jars, 
and place each as prepared in the hot cooker so that the meat will not be 
cooled. 

Commercial canning. This is a relatively new field but several million 
pounds of poultry are canned annually by the commercial canners. The 
Hormel Packing Company, Austin, Minnesota, was one of the pioneers 
in the field of canning whole chicken. Canned poultry meat, chicken and 
noodles, and chicken soup are sold quite generally by retail food stores and 
the demand for such products is increasing. 

Smoking poultry meat. This method of preserving meat has been used 
quite generally in the past for preserving pork on the farm. Benjamin and 
Pierce report that smoked chickens are sold in the Chinese sections of the 
United States. They also report that ‘‘smoked turkeys, prepared by pick- 
ling in brine and smoking like hams, are also obtainable from hotel supply 
houses.” Directions for smoking poultry meat as suggested by the United 
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States Department o£ Agriculture may be summarized as follows: Kill, 
pick and draw the birds in the usual manner. The curing mixture consists 
of 6 lbs. salt, 3 lbs* sugar, and 3 oz. saltpeter dissolved in 4^4 gallons of 
water. About four times this indicated quantity of pickle is required to 
cover 100 lbs. of turkeys, when carefully packed in a 50-gallon barrel. 

The turkeys should be packed carefully and close together in a suitable 
container, such as a crock or a clean odorless hardwood barrel, and 
weighted down so that they will not float when the curing solution is 
added. Then pour the solution over the turkeys until they are covered 
with a slight excess of liquid. It is important to hold the temperature as 
near to 38°F. as possible. Remove the turkeys once each week, and repack 
to remix the solution and to make sure that it comes in contact with all 
parts of the birds. 

Depending on the weight of the turkeys, the meat should be sufficiently 
cured in two to four weeks to be removed from the pickle and prepared 
for smoking. It is suggested that the individual turkey remain in the 
pickle from one and one-third to one and one-half days per pound of 
dressed weight. 

The cured turkey should be washed, hung up to dry, then smoked, 
using hardwood, at a suggested smokehouse temperature of 100° to 110 °F. 
Several hours in hardwood smoke may give sufficient flavor, although 
some may prefer to smoke the meat longer, even to the extent of having 
a fire under it eight to ten hours each day for several days. 

Distribution of Live and Dressed Poultry 

The efficiency of the system of distribution used in moving poultry from 
the producer to the consumer affects very materially the prices received by 
the producer and the quality of the products received by the consumer. 
While the methods employed in distributing poultry have improved, 
progress will no doubt continue to be made and a more efficient system of 
distributing poultry will be evolved. 

Live Poultry 

The system of distributing live poultry in the central markets has not 
kept pace with marketing in other fields. Excessive and unnecessary 
charges are often applied in marketing live poultry. Unscrupulous buyers 
and racketeering labor organizations have too often preyed upon this in- 
dustry. 

The government is attempting to curb unfair practices in the marketing 
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o£ live poultry. By suit- 
able regulation a dimin- 
ishing live poultry trade 
may be restored to its 
rightful place in poultry 
marketing. The cost of 
marketing live poultry 
is given on page 495. 
The charges made by 
the different agencies for 
services rendered appear 
reasonable with the ex- 
ception of the retailers' 
charge of seven cents 
per pound. To the pro- 
ducer such a charge im- 
plies either an exorbi- 
tant profit or an ineffi- 
cient marketing system. 
This change is justified in some cases because the volume is relatively small. 

Dressed Poultry 

The great bulk of the dressed poultry is received in the central markets 
as New York dressed, i.e., bled and picked, but otherwise unprepared for 
consumption. Most of the poultry received in the cities is prepared for 
cooking in the butcher shops. There the birds are thawed if frozen, drawn, 
and otherwise prepared for the oven. 

Drawing and preparing poultry for cooking. Two general methods of 
preparing poultry for cooking are used, depending upon the age of the 
bird and the purpose for which the carcass is intended. Roasting chickens, 
turkeys, ducks, and geese are prepared roaster style, the process being as 
follows: Remove the shanks and feet by cutting the legs off at the hock 
joint or slightly below this joint. If the tendons are pulled, this must be 
done before the shanks are removed. The neck skin should be slit down 
the back side and the neck bone cut off at the shoulder. Cutting the head 
off will leave the skin for covering the opening where the neck was re- 
moved. The internal organs are removed through a short cut made in 
the abdomen and around the vent. Roasting chickens should be trussed 
by tying or sewing them together to make a compact carcass (Fig. 187). 

Fryers and broilers are prepared for cooking by splitting the broilers 
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into two parts and fryers 
first into two parts and tHen 
each of the halves into sev- 
eral parts, depending upon 
the size of bird and the size 
of servings desired (Fig. 
188). 

Consumer education. 
Since the economic welfare 
of the poultry producer is de- 
pendent upon the demands 
of the consumer for poul- 
try products, the producer 
should be vitally interested 
in seeing that consumers are 
properly educated on poul- 
try consumption problems. 
The consumers should be 
familiar with the grades em- 
ployed. It would facilitate 
education on grades if a sim- 
plified and uniform system 


meats. Suitable recipes for the preparation of poultry meats should be 
made available to consumers. Simple and easy methods for cooking poul- 
try will create a greater demand for poultry meat. Consumer education 
should receive greater emphasis in the future than it has in the past. Such 
education is essential for the stimulation of greater consumption of poultry 
(Fig. 189). 

The Poultry and Egg National Board. In 1941 the Poultry and Egg 
National Board, Chicago, Illinois, was established by the industry for the 
primary purpose of promoting the consumption of poultry and eggs. 
This was the first national cooperative effort of the poultry industry to 
promote its products. The results have been excellent and the support 
received particularly from the hatcheries has been very liberal and indi- 
cates that the industry realizes the value of consumer education and pro- 
motion and is willing to support such a program. 

The P.E.N.B. is serving the poultry industry as the Meat Board serves 
the livestock industry; 


of grading were used. The 
consumer should be taught 
to evaluate quality in poultry 


REPRINTED BY PERMISSION FROM “MARKETING POULTRY PRODUCTS” 
BY BENJAMIN AND PIERCE, PUBLISHED BY JOHN WILEY AND SONS, INC. 

Fig. 188. Broiler and fryers prepared for cooking. 
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COURTESY “POULTRY TRIBUNE’* 

Fig, 189. Poultry cooking demonstrations stimulate interest in the use of poultry products. 

Improved Methods OF Handling Poultry 

I ' 

Improved facilities and better methods of marketing are continually 
being developed. The future will bring changes probably equally as im- 
portant as those made in the past 

Refrigeration. The development of small mechanical refrigerators suit- 
able for retail stores and the home has greatly improved the quality of 
poultry ultimately consumed. Every retail store which handles any ap- 
preciable amount of dressed poultry has refrigeration for holding meats 
at low temperatures. The number of homes where refrigeration is avail- 
able is increasing each year. The housewife and the storekeeper hold 
poultry meat under refrigeration because they know that high tempera- 
tures lower the quality of poultry meat (Fig. 190). 

Ready-to-cook poultry. The introduction of oven-dressed poultry has 
simplified the sale of poultry in the retail markets because this poultry 
comes from the packing plants ready to be used by the housewife. Such 
poultry, though it will have to overcome many handicaps, should prove 
popular with retailers as well as with housewives (Fig; 185). Some large 
Midwest poultry packing plants are preparing 100 per cent of their poultry 
ready-to-cook. 





Fig. 190. A market where parts of the chicken are sold instead of the whole chicken. 

it will have to overcome many handicaps, should prove popular with 
retailers as well as with housewives (Fig. 185). 

Sale of poultry cuts. The sale of different cuts of meat from the larger 
domestic animals has long been an accepted practice, but all poultry from 
one and one-half pound broilers to forty-pound turkey toms has been 
sold as a whole carcass. In recent years some retailers have stimulated the 
demand for poultry meat by offering for sale the different parts of the 
bird (Fig. 190). 

Rolls made of turkey meat have been developed and sold in some mar- 
kets. During the 1945 turkey market, half-turkeys proved popular. 

Review Questions 

1. How is live poultry transported to market Have any changes in methods 
of transportation occurred in recent years? 

2. What is the capacity of a live-poultry railroad car? 

3. Name the more important channels by which live poultry moves from 
producer to consumer. 

4. Why is New York an important live poultry market? 

5. Name and describe the live market grades of poultry as given by the 
United States Department of Agriculture. 

6. Distinguish between market inspection and the operation of the Packers 
and Stockyard Act. 

7. What motive do you think is most important to stimulate, to improve 
the quality of poultry? Why? 

8. Name several of the more important costs of marketing live poultry from 
the producer located in the Middle West to the consumer in the East. 
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9. What are some of the factors which influence the gains obtained by 
fattening poultry ? 

10. Some operators state that the gains they get today are below those ob- 
tained in the early days of commercial fattening. What explanation could 
you offer for this change? 

11. Does the kind of feed used in fattening rations influence the distribution 
and the consistency of the fat deposited ? 

12. Illustrate graphically the seasonal production of poultry meat. 

13. Name and discuss the methods used in removing the feathers of poultry. 
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CHAPTER FOURTEEN 


Poultry Farm M.anagement 


The successful management of a poultry enterprise requires the applica- 
tion of the principles and practices discussed throughout this book, which 
apply to the various phases of poultry production. In this chapter the 
effect of management on profits in poultry farming will be considered. 
People engage in poultry raising primarily because of the profit motive— 
the desire to make a living out of the poultry business. Therefore, this 
chapter will discuss the effect of various factors on profits in the major 
poultry farming enterprises. 

The Poultry and Egg Outlook 
/ ■ 

Poultry production has a definite place in American agriculture and its 
relative importance as one of the livestock enterprises may be expected to 
increase. As with other economic phenomena, there are cycles in produc- 
tion. These cycles are generally short because the life cycle of poultry is 
short and poultry raisers can get in and out of the business in a relatively 
short time. One measure of the relative profitableness of poultry raising 
is the feed-egg ratio. Figure 191 shows these ratios as calculated for the 
United States, Chicago, California, and New York State. These ratios 
show the number of dozens of eggs required to purchase one hundred 
pounds of poultry ration at prevailing prices. Since feed cost is the largest 
item of expense for the poultry producer, the feed-egg ratio shows the 
relative profitableness of egg production. However, when feed prices are 
extremely low, as they were in 1932, even though the feed-egg ratio is very 
low, poultry raising is not profitable because the total income of poultrymen 
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HENS AND PULLETS OF LAYING AGE*:NUMBER PER 
FARM FLOCK ON JANUARY 1, 1925-39 
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Fig. 192. Variation in the average size of farm flocks, 1925-39. 

is small and their purchasing power of other necessary commodities is low. 

The response of poultry producers to these ratios is shown by the average 
number of layers kept in farm flocks (Fig. 192). It will be observed that 
in 1937 a very unfavorable price situation, as measured by feed-egg ratios, 
prevailed and the following year (1938) the number of layers per flock 
was the lowest since 1925. Poultry farmers respond to unfavorable price 
situations by reducing their production, but unfortunately they may get in 
and out at the wrong time. The poultrymen should use these ratios to 
govern their production by increasing production when most farmers are 
reducing their flocks, and decreasing production when farmers generally 
are expanding their operations. When the feed-egg ratio is low the in- 
dustry may expect an expansion as soon as such an expansion can be 
initiated, and likewise when prices become unfavorable a general reduc- 
tion may be expected. 

Relation of industrial activity to profits in poultry raising. Poultrymen 
who have been in the business of poultry raising fpr a period of years 
know that when business activity is high their income from poultry and 
eggs is also relatively high. When the income of industrial workers is 
low the demand for poultry products is curtailed, and the poultry industry 
suffers accordingly. The very close relationship which exists between the 
income of industrial workers and the cash farm income from chickens and 
eggs is shown in Figure 193. Using 1924-29 as a base (100) and com- 
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U. S. D. A. 

Fig. 193. Relation of the income of industrial workers and the income of farmers from 
chickens and eggs. 


paring the more prosperous era of 1925-30 with the depression period of 
1931-38, it will be found that from 1925 to 1930 the average index of in- 
come for industrial workers was 99.5 and the index for income to farmers 
for chickens and eggs was 101.3, whereas from 1931 to 1938 these respective 
indexes were 67.4 and 63.6. It is apparent from these data that the eco- 
nomic welfare of the poultry raiser is closely associated with the income of 
industrial workers. During the war period, this relationship was particu- 
larly apparent. 

The Poultry Plant Layout 

The layout of the poultry enterprise on each farm must be adjusted to 
the farm and to the convenience of the manager. There are, however, 
certain principles of management which apply to the plan for any poultry 
enterprise. The farm should be laid out so that labor can be utilized most 
efficiently and so that the best management practices can be followed with 
a minimum of effort. 

General farm. Though poultry on general farms is usually given but 
little attention, the layout should be such as will encourage a sanitation 
program and make the best possible use of the labor available. Figure 194 
shows four different yarding systems for laying flocks. Such a plan con- 
templates the yarding of the old stock and the growing of young stock on 
free range which is used only once every three years, the chicks therefore 
being reared on fresh ground each year. 

Commercial poultry farms. The commercial poultry farm is quite gen- 
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Fig. 194. These diagrams show four different types of yarding arrangement: A, single yards 
are often used with small flocks; B, by rotating the runs, more sanitary conditions are 
assured and more green feed provided; C, the four-yard system may be used either for the 
large square house or the long rectangular type of building; D, the triple yarding system is 
especially suitable for the long rectangular house. 

erally a one-man unit and the entire farm is devoted to poultry raising 
with a small acreage for growing vegetables and fruits. Figure 195 shows 
the layout for a poultry farm with a capacity of 1,500 layers and facilities 
for brooding 3,000 chicks each season on fresh ground. Ten colony brooder 
houses are used for brooding and rearing to maturity 1,200 pullets which 
are housed as layers each fall. For those who wish to use a long brooder 
house, range shelters may be used instead of colony brooder houses. The 
colony brooder houses or the long brooder house could be used for growing 
broilers during the winter months. Some poultrymen prefer to reduce the 
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Fig. 195. Commercial poultry farm layout. 


laying flock and use part of the laying house for brooding, placing the 
pullets in range shelters after they no longer require heat. 

Other poultry farms* The specialized broiler producer will probably 
use a long brooder house or the colony system of brooding. The birds 
may be given range or confined, depending upon the freedom of the range 
from disease and parasites. The specialized poultry breeder may use the 
layout for the commercial poultryman, modifying it to provide additional 
range for rearing male birds. 


Selecting a Breed and Variety 

The beginner is confronted with the problem of selecting a breed and 
variety to raise. His success may be determined by the choice made. It is 
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best to choose from a limited number of established breeds. Actual records 
kept on several hundred farm flocks in Missouri show that the breeds most 
commonly raised are the most profitable. Table 63 shows that the farmers 
who raised White Wyandottes, White Leghorns, Barred Rocks, Rhode 
Island Reds, White Rocks, and Buff Orpingtons had a much higher labor 
income per hen than did those who raised the less common varieties. New 
and odd varieties should be given proper consideration, but the beginner 
will do well to choose one of the established varieties which has proved its 
ability to make money under the conditions under which he plans to raise 
them. 

Probably more important than the choice of the breed and variety is the 
choice of a strain within the variety chosen. It is well to know the flock 

Table 63 


COMPARISON OF BREEDS BY EGG PRODUCTION, FEED COST, INVESTMENT, 
TOTAL RECEIPTS, TOTAL EXPENSE, AND LABOR INCOME 

PER HEN — 1929-1933 ^ 



Number 

OF 

Flocks 

Hens 

PER 

Flock 

Egg 

Pro- 

duction 

PER 

Hen 

Feed Cost 

Invest- 
ment ‘ 
PER Hen 

Total 
Receipts 
PER Hen 

Total 
Expense 
PER Hen 

Labor 
Income 
per Hen 

Breeds 

Per 

Hen 

Per 

Dozen 

Eggs 

White 

Wyandotte. . . 

79 

177 

133 

$1.63 

c^ 

1—1 

$4.69 

$3.63 

$2.35 

$1.28 

Rhode Island 

Red 

162 

161 

138 

1.93 

16.8 

4.20 

3.78 

2.66 

1.12 

Barred Rock . . . . 

132 

188 

132 

1.74 

15.4 

4.37 

3.74 

2.48 

1.26 

White Rock 

66 

165 

130 

2.06 

19.1 

4.93 

3.89 

2.88 

1.01 

Buff Orpington . . 

44 

137 

124 

1.65 

16.0 

4.17 

3.45 

2.43 

1.02 

White Leghorn . . 

682 

393 

161 

1.59 

11.9 

3.74 

3.38 

2.11 

1.27 

Brown Leghorn . . 

16 

275 

132 

1.50 

13,6 

2.93 

2.78 

2.01 

.75 

Miscellaneous . . . 

126 

276 

139 

1.59 

13.7 

4.10 

3.28 

; 2.43 

.85 


and the breeding of the flock from which the stock comes. Most beginners 
give too little attention to selection of the strain they raise. The livability 
of the adult stock as well as of the young stock is important. Egg produc- 
tion, egg size, and market quality of the stock should also be considered. 

Record Keeping 

Some system of keeping records is essential to the management of any 
business enterprise. Every poultryman who keeps a flock for profit should 
at least keep a simple set of records which will show the annual net profit 


^ Mo. Agr. Extension Service Circ. 330. 
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FARM FLOCK MONTHLY RECORD-KEEPING FORM OF THE MISSOURI 
AGRICULTURAL EXTENSION SERVICE 


Name — - Address., 

Breed.. .............. — ...... — - — Month... 


..County,. 
..19 


Monthly Summary of Mature Stock 


Kind of Stock 

Stock on Hand 

First Day of Month | 

Stock Lost 

During Month 

Stock Sold or Consumed 
During Month 

Stock on Hand 

Last Day of Month 


No. of Head 

No. of Head 

No. of Head 

No. of Head 

Mature Females 





Mature Males | 






Daily 

ceg 

record 


Monthly Receipts 


Day of 
Month 

j Stock, Chicks, Eggs 

Market 
Eggs Sold 

Hatching 
Eggs Sold 

Eggs 

Eaten 

Poultry 

Sold 

Baby 

Chicks Sold 

Poultry 

Eaten 

Total Income 

Quantity 

Item 

Price 

per 

Unit 

$ 

$ 

$ 


S 

$ 

$ 

c 
































































































! 


h'otal Receipts for Month 


Monthly Expenses 


Day of 
Month 

Feeds 

Total Value 

Feed Bought 

Total Value Feed 
Used From Farm 

Miscellaneous 
Purchased $ 

1 Total Expense 

No. 

Pounds 

Kind 

Price Per 
Hundred 

S 

c 

















































! 





1 


17 

18 


22 .. 

23 .. 

24 .. 

25 .. . 

26 .. 

27 .. 

28 .. 

29 .. 
30 . 

31 .. 


Total Expense for Month 


Eggs and Stock Purchased — Value S 


Egg Production for Month 


Profit or Loss for Month 


Average 

No. Hens 

Total No. Eggs 

Average No. 

Eggs per Hen 

1 






Totals 




Total Receipts for Month 


Total Expense for Month 


Total Profit or Loss for Month 



or loss from the flock. A number of states through the Agricultural Ex- 
tension Service have prepared, for flock owners who desire to know more 
about their poultry business, record forms similar to the one shown 
above. 

This is a simple record form which is valuable for the flock owner who 
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is interested in knowing more about the profitableness of the poultry enter- 
prise on his farm. 

The commercial poultrymen should keep more detailed records which 
give more specific information as to costs and income. The poultry breeder 
will need to keep the various records indicated in the chapter on breeding. 
Those who operate diversified poultry enterprises should keep records 
which show the relative profitableness of the different phases of the busi- 
ness. The hatcherymen should have a complete set of books which should 
be analyzed each year. 

General Farm Flocks 

About 85 per cent of all the poultry and eggs produced in the United 
States is produced on general farms. Therefore, any general improvement 
in the quality of these products must originate on the farm. On many of 
these farms the income from poultry and eggs is relatively small and 
therefore the poultry is neglected. These producers are not interested in 
improvement programs because their poultry enterprises do not justify the 
expense and effort involved in such programs, and consequently they do 
not contribute to advancement. 

Since the general farm flocks produce most of the poultry and eggs 
marketed, it is well to consider this phase of the industry and review the 
factors which influence profits on these farms. The Michigan Agricul- 
tural Experiment Station has analyzed the records of 276 laying flocks 
with an average of 232 birds per flock. Since these are farm flocks, the 
results reported are applicable to an analysis of profits from farm flocks as 
indicated in the paragraph that follows. 

Factors influencing profits in the general farm flock. Wright, who 
reported the Michigan results, lists nine factors which determined the 
returns in these flocks: (1) the size of flock, (2) egg production per hen, 
(3) fall egg production, (4) percentage of the flock pullets, (5) hatching 
date of pullets, (6) breed of poultry, (7) feeding efficiency, (8) flock 
depreciation, and (9) labor efficiency. 

Size of flock. The size of flock varies greatly within the United States 
and within different states, but certain types of flocks predominate in 
different sections of the country. In the South small flocks (50 birds per 
flock) are quite common (Fig, 196), in the corn belt flocks from 100 to 
400 birds are quite common, while the large commercial poultry flocks are 
found on the Pacific coast and in the eastern states. The most plausible 
explanation for these variations in size of flock is an economic one. The 
economic conditions as they pertain to poultry raising in a given region no 
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Fig. 197. Influence of egg production per hen on costs and returns, 1932-35, (Michigan 
Agricultural Experiment Station Special Bulletin 294.) 


doubt exert a strong influence toward determining the size o£ flock which 
predominates in that region. 

Table 64 shows the relation of size of flock to costs and returns for 
Michigan flocks from 1932 to 1935. It should be recalled when considering 
these figures that those were years of relatively low prices. The most 
profitable flocks were medium-sized flocks (201 to 400 birds per flock). 
Small flocks and large flocks did not return satisfactory labor incomes. 

Egg production. A high rate of production, particularly during the 
months when eggs are highest in price, is essential for maximum profits. 
Figure 197 shows the relation of annual production to costs and returns 
from poultry kept in farm flocks on Michigan farms. As the rate of pro- 
duction during the fall months increased, the net returns per hen for the 
year were also increased. Flocks with an average production of less than 
fifteen eggs during the three months of October, November, and Decem- 
ber showed a loss. Flocks which lay well during the fall not only have a 
high annual egg production but the income per dozen eggs produced is 
high because eggs laid in the fall sell for higher prices than eggs laid at 
other seasons of the year. 

Egg production per hen influences very greatly the cost of producing 
eggs. Figure 198 shows the relation of average egg production per flock 
to the cost of producing eggs in Virginia. In 1931 the cost of producing 
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Fig. 198. The relafion of production per hen and cost of producing eggs. (From Virginia 
Agricuitural Experiment Station Bulletin 300, 1936.) 


eggs in high-producing flocks was only about two-thirds of the cost of 
producing eggs in low-producing flocks. It is good poultry management 
to breed, feed, and otherwise manage the flock for high egg production and 


Table 64 

RELATION OF SIZE OF FLOCK TO COSTS AND RETURNS, 1932-35 ^ 


Item ! 

Average Number of Hens 

100 or Less 

101-200 

201-300 

301-400 

401-500 

SOI Up 

Number of flocks 

46 

100 


24 

20 

19 

Number of hens per flock. . . . 

73 

153 

238 j 

339 

436 

662 

Eggs laid per hen. 

158 

154 

160 I 

157 

152 

158 

Hours labor per hen 

2.4 

1-9 

1.8 

1.6 

1.5 

1.5 

Labor charge per hen 

$0.43 

$0.33 

$0.32 

$0.30 

$0.27 

$0.28 

Buildings charge per hen. . . . 

.19 

.17 

.15 

.11 

.15 

.20 

Total charge per hen 

2.39 

2.36 

2.32 

2.31 

2.36 

2.31 

Net return per hen 

.16 

.17 

.52 

.54 

.30 

.18 

Labor return per flock 

43.37 

76.54 

198.95 

283.89 

245.18 

304.41 

Labor return per hour 

.24 

.26 

.47 

.54 

.38 

.30 

Cost per dozen eggs 

.18 

.18 

,17 

.18 

.19 

.18 

Income per dozen eggs. 

.19 

.20 

.21 

.22 

.21 

.19 


^Mich. Agr. Expt. Sta. Special Bui. 294. 
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Fig. 199. High egg production is essential for profits in poultry raising. This hen had laid 
over 1,100 eggs (the number shown) when this picture was made. 

thereby reduce the costs of production per dozen eggs and increase the 
margin of profit on eggs sold. 

Pullets lay more eggs than hens and therefore the rate of production is 
increased by using a relatively high percentage of pullets in the flock 
(Fig. 199). 

Putnam reported that in Connecticut in 1938 the average annual produc- 
tion per bird for flocks composed of pullets or hens was 181 eggs and 132 
eggs, respectively, or a difference of 49 eggs per bird in favor of pullets. 
The Michigan study showed that flocks containing 100 per cent pullets 
had an average production of 172 eggs per bird as compared to a produc- 
tion of 150 eggs per bird in flocks containing less than 60 per cent pullets. 

High egg production is essential for profitable returns from the poultry 
flock. The use of a relatively high percentage of pullets in the flock and 
management practices which increase fall egg production will increase 
the average annual production of the flock. 

Influence of hatching date on profits from the farm flock. The owner 
of a general farm flock who purchases or hatches chicks during the spring 
months (February to May), depending on the location of the farm, will 
realize most satisfactory returns from this type of flock. The Michigan 
study showed that more profit was made with April-hatched pullets than 
with either March- or May-hatched pullets. 

Influence of breed or variety on poultry profits in general farm flocks. 
Table 63, which shows the labor income realized by several hundred Mis- 
souri farmers who raised different varieties of chickens, indicates that the 
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more popular varieties are the most profitable. The selection of a profitable 
strain of one of the more popular varieties is most important. Stock of a 
strain known to possess good livability and production qualities should be 
selected. 

Feeding. There is considerable variation in the amount of feed required 
to produce a dozen eggs on different farms. The Michigan study showed 
that 49 of the farms reporting were able to produce a dozen eggs with an 
average of 4.5 pounds of feed, while 69 farmers reported using an average 
of 8.3 pounds of feed per dozen eggs produced. Flocks with low produc- 
tion require more feed to produce a dozen eggs than flocks which have 
higher production. 

Most general farmers grow their grain and by feeding these home- 
grown grains both as scratch grain and as ground grain in the mash, they 
are able to reduce the cost of feeding the flock to a minimum. 

Mortality and flock depreciation. Losses from disease and lack of vital- 
ity are causing American poultry raisers serious losses, and these losses 
have in many cases caused the failure of the poultry enterprise. Many 
poultry houses stand vacant because disease and parasites have made poul- 
try raising unprofitable. Unfortunately, mortality in laying flocks has in- 
creased in recent years. Table 65 shows the relation of mortality to egg 
production and labor income on Connecticut poultry farms. The same 
relationship exists in general farm flocks. 

Flock depreciation which occurs during the year is a better measure of 
losses than mortality alone. The important consideration is how much can 
be realized from the pullets placed in the laying houses. Flock deprecia- 
tion includes losses from mortality and losses from culling. The deprecia- 
tion which occurs in poultry flocks is an important loss on most farms. 
This loss may be reduced by using stock which possesses good livability 
and the ability to lay well. 


Table 65 

RELATION OF MORTALITY TO LABOR INCOME ® 


"Per Cent Mortality 
(Laying Flock) 

Number of 
Farms 

Eg^s^per 

Labor Income 

Over 15 . 

27 

160 

$ 616 

12.0-14.9...... .......... 

28 

161 

1,114 

9.0-11.9. .. .............. 

28 

178 

1,545 

6.0- 8.9.......... ...... 

29 

188 

2,094 

Under 6. .... . . . ........ 

16 

189 

2,090 


Putnam, 1938. 
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Table 66 


INFLUENCE OF LABOR EFFICIENCY ON LAYING 
FLOCK COSTS AND RETURNS, 1932-35 ^ 


Item 

Hours Spent per Dozen Eggs 

0.10 or Less 

0.11 to 0.15 

0.16 Up 

Number of flocks 

78 

87 

111 

Number of hens at start 

393 

319 

266 

Average number of hens 

299 

232 

188 

Hours labor per dozen eggs 

.08 

.13 

.20 

Labor charge per dozen eggs 

l.SfS 

2.4?! 

3.5?f 

Eggs laid per hen 

162 

158 

148 

Hours labor per hen 

1.1 

1.7 

2.4 

Labor charge per hen 

$0.20 

$0.31 

$0.43 

Total charge per hen 

2.15 

2.34 

2.51 

Net return per hen 

.48 

.40 

,06 

Return per hour labor 

.64 

.42 

.20 


Table 67 


RELATION OF EGG PRODUCTION PER BIRD 
TO LABOR INCOME ® 


Average Egg Production 
(Eggs per Bird) 

Number of Farms 

Labor Income 

Under 150 

16 

$ 511 

150-159.9. 

14 

669 

160-169.9 

17 

1,023 

170-179.9 

20 

1,668 

180-189.9 

1 29 

1,734 

190-199.9 

20 

2,021 

200 and over 

12 

2,261 


Use of labor. Those farms which are best organized and most effi- 
ciently managed return the highest labor income per hour spent in caring 
for the poultry flock. Table 66 shows the variation in hours used in 
caring for poultry on Michigan farms and the labor income from such 
work. Labor income can be increased by having larger flocks, using high- 
producing stock, and by having the poultry houses conveniently located 
and arranged. 


^ Mich. Agr. Expt. Sta. Special Bui. 294. 
® Putnam, 1938. 
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FARMS 



($ thousand] LESS 

Fig. 200. Distribution of labor income— 128 Connecticut poultry farms. (Putnam, 1938.) 

Commercial Poultry Farm Earnings 

“Is poultry farming profitable?” The answer is yifs for the most efficient 
producers and no for the inefficient marginal producers. The fact that 
poultry farming is profitable for some but unprofitable for others is shown 
by Figure 200, which shows the distribution of the labor income of 128 
Connecticut poultry farmers for the year 1938. Of these farmers 25 per 
cent had annual labor incomes of $2,000 or more, but 9 per cent of them 
lost money and 48 per cent of the 128 farmers who kept records had an 
annual labor income of less than $1,000, 

In analyzing these Connecticut records Putnam has listed six factors 
which influenced to a large extent the wide variations in earnings: (1) 
yearly egg production, (2) fall egg production, (3) laying flock mortality, 
(4) labor efficiency, (5) overhead cost, and (6) volume of business. 

Relation of yearly egg production to labor income. A high annual egg 
yield per bird is essential for a satisfactory labor income but it does not 
always make poultry farming profitable. Classifying the Connecticut rec- 
ords according to average egg production and calculating the average labor 
income per group gave the results shown in Table 67. While this table 
shows that high production is necessary for a satisfactory labor income, a 
closer examination of the original records reveals that of the sixty-one 
farms with yearly egg production above 180 eggs per bird, twenty-one of 
these farms yielded a labor income of less than $1,000 because of ineffi- 
ciency in respect to the other factors mentioned. 

The relation of yearly egg production per bird and labor income per 
bird on Missouri farms from 1929 to 1933 is shown in Figure 201. This 
chart shows that on general farms a satisfactory labor income per bird is 
dependent on good production. 
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Fig. 201. Relation of egg production to labor income per bird. (Missouri Agricultural Ex- 
tension Circular 330.) 


Relation of fall egg production to labor income. Labor income is espe- 
cially influenced by fall egg production, because eggs jare relatively high 
during the fall months. The poultry farmer who gets high production 
during the fall months has a good start toward a profitable year. Table 68 

Table 68 


RELATION OF EGG PRODUCTION SECURED DURING SIX 
HIGH PRICED MONTHS (jULY 1 TO DECEMBER 
31) TO LABOR INCOME ® 


Per Cent of Total Production 
During Six Months, 

July 1 to Dec. 31 

Number of 
Farms 

Labor Income 

50 or more 

31 

$2,158 

45 to 49.9. 

39 

1,543 

40 to 44.9.... 

35 

1,240 

Under 40. 

23 

678 


shows that on those farms in Connecticut where the percentage production 
from July 1 to December 31 was 50 per cent or more, the labor income per 
farm ($2,158) was 75 per cent higher than for those farms where the 
percentage production was from 40 to 45 per cent ($1,240). A classifica- 
tion of the Connecticut reports according to eggs laid during October and 

^ibid. 
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November showed that those farmers who got high production (more 
than thirty eggs per hen) during these two months had a labor income 
($2,396) almost three times as high as those farmers of 840-dollar incomes 
who got production during October and November of from fifteen to 
twenty eggs per hen. 

Relation of mortality to egg production and labor income. In recent 
years adult mortality has become a serious problem for poultrymen. Dis- 
ease probably causes more failures in the poultry business than any other 
single factor. The Connecticut records (Table 65) show that low mortality 
in the laying flocks is associated with high egg production and high labor 
income, whereas flocks in which mortality is high have low egg production 
and return a small labor income to the owner. Poultry raising will 
usually be profitable for those who can keep the laying flock mortality at 
a low level. 

The poultrymen should exercise every known method of control of 
diseases and parasites. Chicks should be used which are from stock which 
has a good livability record. They should be raised under sanitary condi- 
tions and all precautions taken to insure healthy pullets for the laying 
flock. The laying flock should be housed, fed, and managed to reduce 
losses from disease and parasites to a minimum. 

Relation of labor efficiency to labor income. The efficiency with which 
labor is utilized is directly related to labor income. The efficiency of labor 
is determined by the laborer, the type of equipment, the arrangement of 
the houses and plant, and the schedule of work. Table 69 shows that those 


Table 69 

RELATION OF GROSS RECEIPTS PER $1.00 LABOR COST 
TO LABOR INCOME ^ . 


Gross Receipts 
per $1.00 Labor Cost 

Number of Farms , 

Labor Income 

Below $2.00 

4 

$ 279 

$2.00-2.99 

27 

478 

3.00^3.99 

33 

885 

4.00-4.99 

28 

1,631 

5.00-5.99 

•18 

2,406 

6.00-6.99. 

11 

2,460 

7.00 and over. 

7 

3,838 


farms which secure a relatively large income (gross receipts) for the labor 
used realize a much higher labor income than those farms which have a 
low ratio of labor cost to gross receipts. The manager of a poultry farm 



544 


POULTRY 


should arrange the layout, equip the farm, and plan the work so that 
labor may be utilized to the best advantage. 

Relation of overhead costs to labor income- Many poultry farms have 
been unprofitable because the investment per bird was too high and the 
birds could not return a profit above operating and overhead costs. It is 
good management to invest in practical equipment and houses which give 
good results, but this does not necessarily mean expensive houses and 
equipment. The beginner who has capital to invest will do well to study 
some of the most profitable poultry enterprises in his community or state 
and follow the example of those who have invested wisely. The Con- 
necticut data collected from actual farm records indicate that those poultry 
farms which have cash sales of at least 80 cents per $1.00 invested are most 
profitable (Table 70). Poultry farms with a $10,000 investment should 


Table 70 

RELATION OF CASH SALES PER $1.00 INVESTED TO 
LABOR INCOME ^ 


Cash Saks per 
$1.00 Invested 
(Cents) 

Number of F arms 

Labor Income 

Over 100. 

16 

$2,747 

80-99.9 

23 

2,161 

60-79.9 

32 

1,289 

40-59.9 

38 

1,146 

Under 40 

19 

404 


have annual cash sales of at least $8,000. Farms with cash sales of less 
than 40 cents per $1.00 invested returned an average annual labor income 
of only $404. 

Excessively high investments per bird may result from operating with 
a small flock, purchasing too elaborate equipment, building expensive 
houses, and locating on high-priced land. However, a location near a city 
may be capitalized by developing special markets for strictly fresh eggs and 
poultry meat and thereby compensating for a more expensive location. 

Relation of volume of business to labor income. Volume is essential if 
a satisfactory labor income is to be secured from the poultry farm. Ta- 
ble 71 shows the relation of gross sales per farm to labor income on Con- 
necticut poultry farms. On the average, those farms which had a large 
volume of sales were more profitable than those farms with a small volume 
of business. However, some farms having a large volume of business were 
unprofitable because they were handicapped by other limiting factors, 
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LABOR INCOME 


$4,000 

3.000 

2.000 

1,000 

0 


SIX PROFIT FACTORS: 
YEARLy EGG PRODUCTION 
FALL EGG PRODUCTION 
MORTALITY 
LABOR EFFICIENCY 
OVERHEAD COST 
VOLUME OF BUSINESS 


$765 


$233 


$485 





$3531 


$2927 


$2019 


$1444 






No. FACTORS IN WHICH 0 12 3 4 5 6 

FARM EXCELS 

No. FARMS 9 21 29 27 20 13 9 


Fig. 202. Relation of labor income to the combined profit factors in which pouitrymen are 
above average. (Putnam, 1938.) 


whereas other farms having a small volume of business were profitable 
because they were otherwise well managed. 

Combination of factors as related to labor income. From the discussion 
of the six profit factors it is evident that the pouitrymen who are ejSScient 


Table 71 

RELATION OF GROSS SALES TO LABOR INCOME ^ 


Cash Sales 

Number of Farms 

Labor Income 

Below $3,000 

16 

$ 493 

$3,000-6,000 

54 

812 

6,000-9,000,. 

23 

1 1,543 

9,000-12,000 

. 15 

2,458 

12,000-15,000 

11 

2,399 

Over 15,000. 

9 

3,956 

[ ■ 


in all phases of the business will receive a much higher labor income than 
those who are efficient in only a few phases of the business. Figure 202 
shows the average labor income of Connecticut pouitrymen who excelled 
in from none to six of the profit factors. Those farmers who excelled in 
three or more of the profit factors received an average annual labor income 
of $1,444 or more. Those who were below average in all six factors re- 
ceived an average annual labor income of $233. 

All-piillet or mixed hen and pnllet flocks. A very real management 


^Ibid, 
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problem confronting poultry raisers is that of keeping old hens over into 
their second or third laying seasons. Most farmers vi^ould be better ofl if 
they started their entire laying flocks each fall with pullets. Certainly this 
is true if hens and pullets are going to run together in the laying house. 
The Indiana Extension Service has listed the advantages and disadvan- 
tages of all pullet flocks as follows: 

The advantages of all-pullet flocks are: (1) Pullets lay more eggs than 
old hens. (2) They lay more fall eggs when prices are high. (3) The 
control of avian tuberculosis is made easier by selling all of the old flock 
every year. (4) The cycles of other poultry diseases, such as colds, are 
more likely to be broken. (5) The problem of housing is simplified. 

Disadvantages: (1) More chicks must be started. (2) More brooding 
equipment is needed. (3) The cost of replacing with new pullets each 
year is one of the large items of expense on the poultry farm. (4) To 
have an all-pullet flock it is often necessary to sacrifice the old hens while 
they are still laying well and just as egg prices are getting high. 

Efficiency in poultry farm management. The efficient producer will 
always find poultry raising profitable because there are always so many 
inefficient producers who are marginal and therefore have to discontinue 
poultry raising when prices become unfavorable for them. Possibly no 
other class of livestock is so sensitive to changes in management as poultry. 

Misner and Lee in 1937 outlined an efficiency program for New York 
poultry farms as follows: 

Favorable size of business: 

1. An average number of 1,500 birds or more. This necessitates the housing 
of more than 1,800 layers in the fall. 

2. Annual egg production of more than 18,000 dozens. 

3. Combination of chicks and pullets to sell, with market-egg production. 

4. As little capital as necessary to provide a favorable size of business. 
Usually 110,000 or more is required. 

Good rate of production: 

5. Egg production of more than 150 eggs per hen, based on the average 
number of birds for the year. 

6. More than 25 per cent production during October-December. 

7. Hatchability of more than 60 per cent of total eggs incubated. 

8. Successful rearing of more than 80 per cent of the original number of 
chicks. 

9. Mortality of less than 20 per cent of the original number or less than 25 
per cent of the average number of layers. 

10. Value of eggs more than double the laying-flock feed costs. 
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Diversity or balance of the poultry enterprise: 

11. More than 20 per cent of the income from the poultry enterprise derived 
from the sale of pullets and chicks. 

Efficiency in use of labor: 

12. More than 1,000 layers per man. 

13. A gross income of more than $5,000 per man. 

14. A labor charge, including the value of operator’s time, of less than 25 per 
cent of the receipts. 

Efficiency in use of capital: 

15. A rapid capital turnover, requiring less than two years for receipts to 
equal capital. 

The Cost of Producing Eggs 

The cost of producing eggs is highly variable and depends upon a num- 
ber of factors. Costs determined at any time and place have only relative 
value when considered at other times and for other regions. The relative 
cost of producing eggs in different parts of New York State for 1926 and 
1929-33 has been calculated by Misner and Lee (Table 72). These data 

Table 72 


THE RELATIVE COSTS IN PRODUCING EGGS, 1926 AND 1929“-'33 



Long Island 

East and 
Southeast 

1 

Central Dairy 
Region 

Central Grain 
Region 

Number of records 

83 

159 

261 

199 

Birds per farm. 

1,679 

1,277 

1,422 

1,154 

Dozen eggs produced . . . 

19,345 

14,879 

16,663 

13,136 

Costs 

Feed.... 

Litter 

Human labor 

Horse labor. 

Use of automobile. . . . 

Use of land 

Use of buildings 

Use of equipment, . . . 
Depreciation on flock. 

Interest on flock 

Miscellaneous . ....... 

Fer Cent 

39.0 

1.2 

22.0 
,1 

1.5 
.7 

7.5 

! .8 

1 21.8 

1.8 

3.6 

Per Cent 
i 44.8 

1.4 

20.8 

.4 

2.0 

.2 

7.4 
.7 

17.0 

1.7 

3.6 

Per Cent 
46.0 

1.2 

20.3 

.4 

1.7 
.2 

6.7 
.6 

17.5 

1.7 

3.7 

Per Cent 

43.9 

1.1 

20.4 

.6 

1.6 

.3 

7.0 

.6 

18.9 

1.9 

3.7 

Total. . ...... ....... 

100 

100 

100 

100 


Cornel Agr. Expt. Sta. Bui, 684. 
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PI 

LILLET COST 1 

TEMS 

ITEM 

COST PER: 

PER CENT OF TOTAL COST 

PULLET 

POUND 

10 20 30 40 50 60 

FEED 

kS9 


m 

BABY CHICKS 

mam 

3.7 


LABOR 

8.4 

2.4 


BLDGS. AND EQUIP. USE 

3.8 

l.l 

m 

FUEL 

2.4 

.7 


OTHER ITEMS 


1.2 


TOTAL 

60.2c 

17.2c 


Fig. 203. Average cost per pullet and per pound poultry on 316 Michigan farms, 1931-35. 
(Michigan Agricultural Experiment Station Special Bulletin 294.) 


show that more than 80 per cent of the cost of producing eggs is accounted 
for by feed, labor, and depreciation on flocks. Feed costs were slightly less 
than one-half of the total costs, while labor costs and depreciation of flocks 
each accounted for about one-fifth of the total cost of producing eggs. 
For those years the actual cost of producing eggs was 38, 35, 32, and 31 
cents per dozen, respectively, for the four regions. 

Flock Replacement 

Chickens are short-lived animals and their profitable life is limited. 
There is a greater turnover in the poultry flock than in any other livestock 
enterprise. In most flocks more than one-half the birds are replaced each 
year and in many flocks 100 per cent of the layers are replaced annu- 
ally. The cost of growing pullets to renew the flock is a relatively im- 
portant item for all poultry producers. According to a study on the 
cost of renewing the poultry flock made by the Michigan Agricultural 
Experiment Station, cost of feed represents practically one half and cost 
of baby chicks 21 per cent of the total cost of producing pullets. The 
distribution of various cost items on the 316 Michigan farms is shown in 
Figure 203. The actual cost per pullet raised was 60 cents, but these costs 
may be lower than usual because low feed prices prevailed from 1931 to 
1935. 

Wright, who reported the Michigan results, lists six major factors as 
affecting the cost of producing pullets: (1) feeding efficiency, (2) death 
losses, (3) cost of baby chicks, (4) breed, (5) hatching date, and (6) 
number of chicks raised. 

Feeding efficiency. Table 73 shows that it cost some farmers 50 per cent 
more for feed to grow pullets than other farmers. These figures suggest 
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Table 73 


RELATION OF FEEDING EFFICIENCY TO PULLET COSTS, 1931-35 


Item 

Pounds Feed per Pound of Poultry 

4.5 or Less 

4.6-5.S 

5.6 Up 

Number of farms 

Mash per pound poultry produced 

130 

112 1 

14c 

(lbs.) 

Mash and scratch per pound poultry 

2.5 

3.1 

4.4 

(lbs.). 

3.8 

5.0 

6.4 

Feed cost per pound poultry. 

6 M 

‘8.4^ 

lO.Sjf 

Total cost per pound poultry 

14.4 

17.6 

21.7 

Average hatching date 

Apr. 19 

Apr. 14 

Apr. 12 

Average death loss (per cent) 

14 

14 

18 

Net cost per pullet 


59^ 

74^i 


that some farmers are more efficient feeders than other farmers. The most 
efficient were able to grow pullets at a feed cost of 46 cents per bird as 
compared to a feed cost of 74 cents per bird for the least efficient. Possibly 
a better system of pastures and less waste of feed account for most of the 
difference in the feed cost of raising pullets. 

Influence of mortality on cost of producing pullets. Disease and para- 
sites not only lower the quality of the pullets produced but they also in- 
crease the cost of producing pullets. The relation of mortality among the 
growing stock to pullet cost is given in Table 74. Mortality in the young 


Table 74 

INFLUENCE OF MORTALITY ON PULLET COST, 1931-35 


Item 

Per Cent Death Loss 

10.0 or Less 

10.1-20.0 

20.1 Up 

Number of farms 

111 

136 

69 

Per cent having clean ground 

58 

64 

51 

Number of chicks started per farm. ....... 

626 

702 

651 

Chickens died (per cent) 

7.0 

14.0 

27.7 

Average hatching date 

Apr. 20 

Apr. 15 

Apr, 9 

Baby chick cost per 100 

$7.94 

$8.45 

$8.04 

Brooder floor space per 100 chicks (sq. ft.) . . . 

39 

' 

35 

37 

Cost per pound poultry produced 

lej)! 

17. 

19.1^ 

Net cost per pullet . . 

ss 

S7 

65 


Mich. Agr. Expt. Sta. Special Bui. 294. 
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stock on these Michigan farms varied from practically none to 40 per cent, 
with an average of 15 per cent. Farmers who controlled mortality losses 
not only reduced pullet costs significantly but the- quality of the pullets 
raised was superior to that of pullets raised in flocks where mortality was 
high. The Michigan study showed that flocks which had high mortality 
in the young stock also had heavy losses from mortality in the adult stock. 

Relation of breed to cost of producing pullets. Table 75 shows the cost 

Table 75 


COMPARISON OF COSTS AND RETURNS BY BREEDS, 1931-35 


Item 

Light Breeds 

Heavy Breeds 

Number of farms 

249 

49 

Number chicks started per farm 

700 

504 

Chickens died (per cent) 

14 

19 

Broiler age when sold (weeks) 

12 

15 

Broiler weight when sold (lbs.) 

1.7 

3.1 

Broiler sale price per pound 

Ui 

19?^ 

Broiler income per 100 chicks 

$11.17 

$26.96 

Pullet weight at 24 weeks (lbs.) 

3.3 

4.4 

Cost per pound poultry produced 

17.6^ 

16.0^ 

Net cost per pullet 

60 

45 


of producing pullets of the light breeds and heavy breeds. The difference 
in the cost of production was due to the fact that the income from the 
heavy-breed broilers averaged 16 cents more per chick started than the in- 
come from light-breed broilers. The actual cost of producing the pullets 
to twenty-four weeks of age was about the same for the light and heavy 
breeds; but when the income from broilers was credited to the pullets, the 
cost of producing heavy-breed pullets was about 16 cents less per chick 
started than for the smaller breeds. 

Relation of hatching date to cost of producing pullets. A general discus- 
sion of time of hatching is presented in 'Chapter Seven. It was mentioned 
there that pullets could be produced at a lower cost during the summer 
than during the winter. The Michigan Agricultural Experiment Station 
has obtained records on the cost of raising pullets which were hatched on 
general farms in March, April, and May. Table 76 gives a summary of 
those results. It cost slightly more to raise March- and April-hatched 
pullets than May-hatched pullets. The Michigan results showed that from 
1931 to 1935 the average income per dozen for the eggs laid by the pullets 
hatched in March, April, and May was 20.4 cents, 21,3 cents, and 18.4 cents, 
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respectively. Therefore, the extra returns from April-hatched pullets more 
than paid for the extra cost of raising those pullets. 

Table 76 


INFLUENCE OF HATCHING DATE ON PULLET COST, 1931-35 


Item 

Hatching Date of Baby Chicks 

Inarch 

April 1-15 

April 16-30 

May 

Number of farms 


94 i 

79 

80 

Average hatching date 

Mar. 17 

Apr. 7 

Apr. 23 

May 10 

Number of chicks per farm i 

711 

819 

546 

566 

Chickens died (per cent) 

16 

15 

14 

13 

Baby chick cost per 100 

$9.39 

$8.47 : 

$8.00 

$6.68 

Broiler income per 100 chicks 

15.06 

14.25 

12.57 

10.36 

Labor hours per 100 chicks 

31 

30 

29 

25 

Cost per pound poultry 

UH 

I7£i 

' 17.2^i 

\S.0i 

Net cost per pullet 

63 

60 

58 

49 

Estimated value of pullet 

' 84 

83 

79 

74 


The relation of cost of chicks to pullet cost. The Michigan data for 
1931 to 1935 showed that the chick cost was 21 per cent of the total cost of 
producing pullets. The average price paid for chicks was $8.67 per 100. 
It was more profitable for Michigan farmers to purchase chicks than to 
produce them, since those who purchased chicks had flock averages of 164 
eggs per bird as compared to 147 eggs per bird for those flocks where the 
chicks were hatched on the farms. Medium-priced chicks were more 
profitable than either low-priced or high-priced chicks. 

Table 77 


INFLUENCE OF NUMBER OF CHICKS ON PULLET COST, 1931-35 


Item 

Number of Chicks Started 

400 or Less 

401 to 800 

801 and Over 

Number of farms 

65 

183 

68 

Average number of chicks per farm 

282 

535 

1,376 

15 

Chickens died (per cent) 

16 

14 

Pullets per 100 chicks. 

43 

40 

37 

Feed fed per pound poultry (lbs.) 

4.7 

4.8 

5.0 

Labor charge per 100 chicks 

Buildings and equipment charge per 100 chicks. . 
Net cost per pullet. . ........................ 

$7.77 

2.82 

.64 

! 

$6.14 

2.22 

.56 

$4.30 

2.46 

.58 
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Fig. 204. Profit and loss in the broiler business. (Maryland Agricultural Experiment Sta- 
tion Bulletin 410.) 


Relation of number of chicks raised to the cost of producing pullets. 
As long as the farmer has at least one brooding unit of chicks the cost of 
producing pullets is apparently at a minimum. Table 77 shows that there 
was no significant difference in the cost of raising pullets when starting 
from 400 to 800 chicks or more than 800 (an average of 1,376). Those 
farmers who started less than 400 chicks had higher labor costs but only 
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slightly higher costs of production than those who started larger numbers 
of chicks. Evidently with the colony brooding system the small producer 
who has one brooding unit can 'produce pullets as cheaply as the larger 
producers. 


The Broiler Industry 

Specialized broiler production is an important business in several states. 
This industry, in the main, attempts to avoid competition with the great 
bulk of the farm-raised broilers and fryers which are marketed during the 
summer and early fall months. 

Profits realized in the broiler business are highly variable from time to 
time and between difierent operators. Figure 204 shows the variation in 
profits as well as the losses incurred by specialized broiler producers in 
Maryland. It will be observed that the season of 1935-36 was more 
profitable for broiler producers than the season of 1934-35. This illustra- 
tion also shows that some producers may incur heavy losses while others 
are deriving nice profits from the business. 

Factors influencing profits in the broiler business. Pojffenberger and 
De Vault list the following factors as affecting the profits of broiler pro- 
ducers in Maryland: (1) gross income and costs, (2) efficiency in the use 
of feed, (3) efficiency in the use of labor, (4) marketing cost, (5) efficiency 
in the use of fuel, (6) cost of baby chicks, (7) capital investment, (8) size 
of enterprise, (9) number of lots per year, (10) weight of birds at the time 
of sale, (11) overcrowding, (12) mortality, (13) breeds, (14) feeding prac- 

T able 78 


RELATIONSHIP BETWEEN INCOME, COST, AND PROFIT 

(Two-year Average, 1934-36) 


Item 

Most Profitable 
Farms 

Least Profitable 
Farms 

All Farms 

Number of birds raised per farm. . . 
Average per farm: 

11,693 

10,306 

8,494 

Income 

$7,466.40 
5,326.06 
i 2,140.34 

$5,004.88 
5,852.16 
- 847.28 

$4,630.21 

4,148.37 

481.84 

Cost 

Profit 

Average per bird, cents : 

Income. 

63.8 

1 48.6 

54.5 

Cost. 

45.5 

56.8 

48.8 

Profit 

18.3 

- 8.2 

5.7 
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tices, and (15) marketing practices. The producers, who by good manage- 
ment controlled these factors, made a profit from broiler raising. 

Gross income and costs. The most profitable farms realized a larger 
income and had lower costs than the least profitable farms. Table 78 
shows the relation of income and cost to profits. Those producers who 
were able to reduce costs and increase income had a good margin of profit 
(183 cents per bird), but those who were unable to keep costs and income 
properly adjusted had a loss of 8.2 cents per bird. In the discussion of 
these factors which follows it should be borne in mind that many factors 
influenced the results presented in any single table, and the factor under 
discussion was associated with the results but was not necessarily the sole 
cause of the differences in profits as listed. 

Feed cost. Since feed costs in broiler raising usually constitute more 
than half of the cost of production, it is advisable to reduce this cost to a 
minimum without sacrificing the quaHty of feed. Table 79 shows the 
relation of feed costs per bird to profits in broiler raising. During the 
two years included in this report those farms that had a feed cost per 
broiler of from 20 to 25 cents made the most profit. Feed costs above 
or below these figures resulted in lower profits. Apparently a good ra- 
tion for raising broilers to the time of marketing could be purchased for 
from 20 to 25 cents per bird. Those who paid less may have sacrificed 
quality in the ration and therefore reduced their profits, and those who 
paid more reduced their profit by less efficient buying. 

Table 79 

RELATION OF FEED COST TO GROSS INCOME, TOTAL COST, AND PROFIT 

(Two-year Average, 1934-1936) 


Average Feed Cost Per Bird, in Cents 


Item 

19.9 and 
Under 

20 to 24.9 

25 to 29.9 

30 to 34.9 

35 and Over 

Average of 
All Farms 

Number of birds per 

i 






farm 

8799 

8757 

9756 

9101 

4358 

8494 

Number of farms 

55 

52 

56 

38 

30 

115 

Average per farm: 







Income.... 

'$4,500.95 

$5,276.98 

$5,927.52 

$5,649.39 

$2,754.80 

$4,630.21 

Cost 

' 3,764.35 

4,215.75 

5,584.93 

5,597.63 

2,911.10 

4,148.37 

Profit 

736.60 

1,061,23 

342.59 

51.76 

-156.30 

481.84 

Average per bird, cents: 







Income 

51.2 

60.2 

60.7 

62.1 

63.2 

54.5 

Cost. 

42.8 

48.1 

57.2 

61.5 

66.8 

48.8 

Profit ... 

8.4 

12.1 

3.5 

0.6 

! -3.6 

5.7 


Ibid. 




POULTRY FARM MANAGEMENT 


555 



Fig. 205. Marketing channels for broilers. (Maryland Agricultural Experiment Station Bulle- 
tin 410.) 


Labor cost. The average labor cost of producing broilers in Maryland 
(1934-36) was 4 cents per bird. The cost varied from less than 3 cents 
per bird on farms with a large number of birds (average of 13,359) to 
more than 9 cents per bird on farms with a small number of birds (average 
of 4,949) and the average labor cost on the most profitable farms was 3.3 
cents per bird and on the least profitable farms 5.2 cents per bird. Though 
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labor costs generally constitute less than 10 per cent o£ the cost of pro- 
ducing broilers, labor must be used efficiently or labor costs will turn profits 
into losses for the broiler producer. 

Marketing practices and costs. The marketing of poultry is discussed 
in detail in Chapter Thirteen. It is desirable here to discuss some of the 
economic practices which apply to the marketing of broilers. The market- 
ing channels for broilers and the percentage of the volume marketed 
through the various channels is shown for Maryland (1934-36) in Figure 
205. The percentage of the crop sold to truckers at the farm in some 
areas is probably more than 63.7 per cent as shown for Maryland. Arkan- 
sas broilers are bought quite largely by truckers and transported to market 
in specially built trucks, as shown in Figure 175. 

Marketing costs vary with the marketing methods used and the distance 
to market. These costs should be calculated on the basis of pounds mar- 
keted. The producer should consider carefully his market outlets and the 
marketing costs involved. Shrinkage is an important factor to consider 
when selling on a distant market. Shipping large numbers at one time 
will reduce marketing costs. Savings made in marketing increase the 
profits derived from the poultry enterprise. 

Fuel cost. The cost of fuel for raising broilers in Maryland was 6.8 
per cent of the total cost. Eighty-five farms operated with a fuel cost of 
less than two cents per bird, while twenty-six farms had a fuel cost of 4 
cents or more per broiler. Each producer should select the type of brooder 
which can be operated most economically under his conditions and operate 
the brooders for most efficient results. 

Cost of chicks. The cost of chicks makes up about one-fourth of the 
cost of producing broilers. Since the livability and quality of chicks is 
highly variable and cheap chicks often have both poor livability and in- 
ferior quality, the purchaser of broiler chicks should consider carefully 
the source of chicks used. Broiler chicks should possess the ability to live 
and develop into good market birds at an early age. The egg production 
of their ancestry is of little, if any, importance. Table 80 shows the relation 
of cost of chicks to profits derived from broiler raising in Maryland. 
Farmers who purchased cheap chicks did not realize so much profit as 
those who used more expensive chicks. Part of this can be attributed to 
the chicks, but no doubt some of this increase was due to the fact that 
farmers who purchase good chicks are also farmers of above average 
managerial ability. 

Capital investment. The amount of capital invested in houses and 
equipment for broiler production need not be large. Too many such 
establishments have been overcapitalized and thereby the business charged 
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RELATION OF COST OF CHICKS TO GROSS INCOME 

(Two-year Average, 1934-1936) 


Average Cost of Chicks Per Bird Raised, in Cents 


Item 

8.9 and 
Under 

9 to 9.9 

10 to 10.9 

11 to 11.9 

12 to 12.9 

13 and 
Ov^er 

Average of 
All Farms 

Number of 
birds per 
farm 

10,226 

5,165 

6,021 

■ 

9,139 

10,651 

9,359 

8,494 

Number of 
farms 

26 

30 

44 

43 

44 

44 

115 

Average per 
farm : 

Income. . . . 

$4,732.23 

$2,532.62 

$3,126.06 

$5,232.58 

$6,702.95 

$6,457.32 

$4,630.21 

Cost 

4,468.19 

2,453.40 

2,794.45 

4,789.63 

5,867.73 

5,839.96 

4,148.37 

Profit 

260,04 

79.23 

331.61 

442.95 

835.22 

617.36 

481.84 

Average per 
bird, cents: 
Income. . . . 

46.3 

49.0 

51.9 

57.2 

62.9 

69.0 

54.5 

Cost 

43.7 

47.5 

46.4 

52.4 

55.1 

62.4 

48.8 

Profit 

2.6 

1.5 

5.5 

4.8 

7.8 

6.6 

5.7 


with high overhead costs which caused failure. The most successful 
producers are those who have invested modestly but wisely in buildings 
and equipment. In Maryland (1934-36) the most profitable broiler 
farms had a capital investment chargeable to broiler production of only 
14.7 cents per bird raised. The average charge for interest and deprecia- 
tion on these farms was only two per cent of the total cost of production 
and marketing. 

Size of enterprise. It is evident that the broiler enterprise must be large 
enough to return a satisfactory labor income for those who engage in this 
type of farming and also of sufficient volume to utilize all other factors 
most efficiently. Table 81 shows that about three-fourths of the broiler 
producers in Maryland raised less than 10,000 birds annually. The Mary- 
land study showed that the most profitable broiler producers in that state 
raised from 5,000 to 15,000 birds per year. Those who raised less than 
5,000 birds per year had an average profit of only 1.2 cents per bird as 
compared to 7.8 cents per bird for those who raised from 10,000 to 15,000 
birds annually. 

Number of lots per year. The price of broilers usually varies consider- 
ably throughout the year and therefore broiler raising is more profitable 
at some seasons than at other times during the year. Broiler raising may 
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Table 81 

SIZE OF BROILER FLOCKS 


Number of Birds Raised Annually 

Number 

OF Flocks 

(1934-1935) 

(1935-1936) 

Under 5,000. 

44 

47 

5,000-9,999 

36 

44 

10,000-14,999. 

13 

14 

15,000-49,999 

11 

13 

50,000 and over 

5 

4 

Total 

109 

122 


be most profitable as a business when carried on seasonally. Table 82 
shows the relation of the number of lots of broilers raised to the profits 
derived from the broiler business. Evidently for Maryland conditions 
(1934-36) it was most profitable to raise two lots of broilers during the 
year, starting them during the fall and winter months. 

Weight of broilers when sold* Large broilers have a lower cost per 

Table 82 


A COMPARISON OF THE NUMBER OF LOTS OF BROILERS RAISED DURING 

ONE YEAR 

(Two-year Average, 1934-36) 


Item 

Number of Lots of Broilers Raised During One Year 

1 Lot 

2 Lots 

3 Lots 

4 Lots 

Number of farms , 

74 

99 

44 

11 

Number of broilers raised per 





farm. 

4,831 

9,387 i 

8,690 

25^,127 

Average number of broilers 




raised per lot 

4,831 

4,694 

2,890 

6,282 

Per cent mortality. ............. 

18.8 

15.2 

15.1 

11.1 

Average investment per farm. .... 

$1,212.03 

$1,282.85 

$1,000.40 

$4,078.82 

Average investment per bird 





(cents)... .... 

25.1 

13.7 

11.5 

16.2 

Average per farm: 





Income. 

$3,129.74 

$5,585.33 

$4,656.78 

$14,499.91 

Cost 

2,845.01 

4,923.84 

4,372.80 

13,557.00 

Profit.. 

284.73 

661.49 

283.98 

942.91 

Average per bird, cents : 





Income. . . . ............. 

64.8 

59.5 

1 53.6 

57.7 

Cost. ..... ........ 

58.9 

52.5 

40.3 

54.0 

Profit....................... 

5.9 

7.0 

3.3 

3.7 
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pound for chick cost, fuel cost, and overhead charges than do small broil- 
ers. The most economical size broiler to market is indicated by the Mary- 
land study (Table 83). Broilers marketed under 2.5 pounds showed a 

Table 83 


RELATION OF WEIGHT OF BROILERS AT SELLING TIME TO PROFIT 

(Two-year Average, 1934-1936) 


Item j 


Average Weight 

PER Bird, Pounds 


2.24 and 
Under 

2.25 to 2.49 

2.5 to 2.74 

2.75 to 2.99 

3 and 
Over 

Average of 
All Farms 

Number of birds per 







farm 

9,778 

5,845 

7,600 

8,548 

12,095 

8,494 

Number of farms 

17 

32 

93 

52 

37 

115 

Average per farm: 







Income i 

$4,967.53 

$2,535.37 

$4,034.93 

$5,366.71 

$9,035.54 

$4,630.21 

Cost 

5,159.47 

2,832.06 

3,714.89 

4,715.38 

7,402.24 

4,148.37 

Profit 

-191.94 

-296.69 

320.04 

651.33 

1,633.30 

481.84 

Average per bird, cents: 







Income 

50.8 

43.4 

53.1 

62.8 

74.7 

54.5 

Cost.. 

52.8 

48.5 

48,9 

55.2 

61.2 

48.8 

Profit. 

-2.0 

-5.1 

4.2 

7.6 

13.5 

5.7 


loss, and the most profitable broilers were those which were marketed 
after they weighed three or more pounds. 

Crowding. Failure to provide sufficient room for the broilers raised 
may result in inferior broilers and small profits. Allowing more space 
than is required for satisfactory, growth increases fuel costs, overhead 
charges, and labor costs unnecessarily and thereby lowers profits. The 
Maryland study indicates that starting less than 150 chicks or more than 
250 chicks, per 100 square feet of floor space, reduced the profit per chick 
to less than 6 cents per bird or only about one-half the profit realized 
when from 150 to 250 birds were started per 100 square feet of floor space. 

Mortality. For satisfactory profits from broiler production death losses 
must be kept low. Table 84 shows the relation of mortality to profits in 
the broiler business. Apparently a broiler business cannot remain profit- 
able if mortality exceeds 25 per cent. By starting with good chicks and 
following a sanitary program of rearing them, the losses should be less 
than 10 per cent. Losses experienced after the broilers are partially grown 
are more serious than losses which occur among baby chicks. 

Breed. Possibly more important than the breed of chicks used for 
broiler production is the strain — ^that is, the livability, rate of growth, 

^md7 
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feathering, and market quality of the stock. Crossbred chicks are quite 
generally used by the producers located in Maryland. Table 85 gives 
the results these farmers have had with Barred Rock and Red-Rock cross 
broilers. 

Financing. Specialized broiler production is quite largely financed by 
interests other than the producers. In some areas hatcherymen and feed 
dealers have extended credit to the producers so that their output of chicks 
and feed might be increased. In these areas an extension of credit was 
probably the only way in which the business would have developed. The 
business has proved to be profitable to the hatcheryman, feed dealer, and 
producer. Table 86 shows the use of credit in broiler production in 
Maryland. 

Seasonal costs in broiler production. It costs more to raise broilers dur- 
ing the fall and winter than during the spring and summer, because fuel 
costs and feed costs are higher at those seasons of the year. In some sec- 
tions these higher costs may be more than offset by the slow growth of 
chicks during hot weather and losses from parasites which are generally 
more common during the summer months. Table 87 shows the compara- 
tive costs of raising broilers during different seasons of the year. Though 
it costs seven cents less per bird to raise broilers in Maryland during the 

Table 84 

RELATION OF MORTALITY TO GROSS INCOME 

(Two-year Average, 1934-1936)^^ 


Per Cent Mortality 


Item ■ 

9.9 and 
Under 

10 to 14.9 

IS to 19.9 

20 to 24.9 

25 to 29.9 

30 and 
Over 

Average of 
All Farms 

Number of 
birds per 
farm 

8,432 

10,704 

7,633 

8,561 

. 4,728 

4,874 

8,494 

Number of 
farms 

50 

65 

57 

25 

12 

22 

115 

Average per 
farm: 

Income. . . . 

$5,165.16 

$6,570.18 

$4,363.45 

$5,143.60 

$2,328.17 

$2,867.59 

$4,630.21 

Cost 

4,167.42 

5,737.91 

4,268.56 

4,827.44 

2,691.50 

2,967.59 

4,148.37 

Profit 

997.74 

832.27 

94.89 

316.16 

-363.33 

-100.00 

481.84 

Average per 
bird, cents: 
Income. . . . 

61.2 

61.4 

57.1 

60.1 

49.2 

i 58.8 

i 54.5 

Cost. . . , . . , 

49.4 

53.6 

55.9 

56.4 

56.9 

60.9 

48.8 

Profit. ..... 

11.8 

7,8 

1.2 

3.7 

-7.7 

-2.1 

5.7 



Ibid. 
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BARRED ROCK VERSUS RED-ROCK CROSS BROILERS 

(Two-year Average, 1934-1936) 


Item 

Crossbreed 

Straight 

Number of birds raised 

829,289 

630,983 

Number of farms 

84 

87 

Per cent mortality 

14.0 

18.1 

Cost per bird, cents: 



Fuel 

2.3 

2.4 

Feed 

25.9 

26.1 

Labor 

4.4 

4.1 

Cost of chicks 

13.0 

10.1 

Total expense per bird, cents ^ 

55.9 

52.5 

Amount of mash consumed per bird, lbs 

8.44 

8.40 

Amount of grain consumed per bird, lbs 

2.43 

1.64 

Total grain and mash consumed per bird, 



pounds 

10.87 

10.04 

Amount of grain and mash to produce one 



pound of poultry, lbs 

3.83 

4.10 

Age broilers are sold, weeks 

12.6 

13.7 

Weight per bird when sold, lbs 

2.84 

2.45 

Total income per bird, cents 

67.0 

51.1 

Price received per pound, cents 

21.9 

20.3 

Net return per bird, cents ^ 

11.1 

-1.4 


a Based on the number of birds raised, 
b Based on the number of birds sold. 


Table 86 

USE OF CREDIT IN BROILER PRODUCTION 


Items Bought on Credit 

1934-1935 

1935-1936 

Two-year Average 

Number of 
Farmers 

Per Cent 

Number of 
Farmers 

Per Cent 

Number of 
Farmers 

Per Cent 

Chicks 

45 

41.2 

66 

54.0 

111 

48.0 

Coal 

42 

38.5 

67 

54.9 

109 

47.1 

Feed. 

68 

62.3 

81 

66.3 

149 

64.5 

Brooder stoves 

3 

2.7 

2 

1.6 

. 5 

2.1 

No credit used 

37 

33.9 

39 

31.9 

76 

32.9 

Total farms 

109 


122 


231 



spring and summer than during the fall or winter, this is less than three 
cents per pound and would be more than offset by the higher prices which 
usually prevail during the fall and winter (Fig. 206). 
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Table 87 


COMPARATIVE COST OF PRODUCING BROILERS SEASONALLY, DATA FOR 

MARYLAND, 1934-36 





Cost per 

100 Birds 



Item 

Fall Broilers 

Winter Broilers 

Spring and 
Summer Broilers 


Dollars 

Per Cent 
of Total 

Dollars 

Per Cent 
of Total 

Dollars 

Per Cent 
of Total 

General Expenses: 







Fuel. 

$ 2.51 

7.30 

$ 2.36 

6.92 

$ .75 

2.75 

Light 

.06 

.17 

.09 

.26 

.13 

A7 

Water 

.07 

.20 

.08 

.23 

.06 

.22 

Disinfectants | 

.12 

.34 i 

.11 

.32 

.05 

.18 

Litter., 

.59 

1.72 

.49 

1.43 

.27 

.99 

Total 

3.35 

9.76 

3.13 

9.18 

1.26 

4.63 

Feed: 







Mash. 

$23.16 

67.52 

$22.53 

66.14 

$18.42 

67.69 

Grain 

2.87 

8.36 

3.31 

9.71 

2.74 

10.06 

Green feed on farm 

.11 

.32 

.07 

.20 

.02 

-.07 

Oyster shell 

.01 

.02 

.01 

.02 



Sand, grit, charcoal 

.06 

.17 

,11 

.32 

.24 

.88 

Milk. 

.43 

1.26 

.52 

1.52 

.96 

3.52 

Codliver oil 

.09 

.26 

.09 

.26 

.06 

.22 

Miscellaneous . 

.04 

.11 

.07 

.20 



Total. 

$26.77 

78.04 

$26.71 

78.42 

$22.44 

82.46 

Labor: 







Hired..... 

1.17 

3.41 

1.09 

3.20 

.74 

2.71 

Family . 

3.01 

8.77 

3.13 

9.18 

2.77 

10.18 

Total. 

$ 4.18 

12.18 

$ 4.22 

12.38 

$ 3.51 

12.89 

Total Cost of production . . 

$34.30 

100.00 

$34.06 

100.00 

$27.21 

100.00 


The Hatchery Business 

The hatchery business of the United States has in recent years become 
an important branch of the poultry industry. The Maryland Agricultural 
Experiment Station in 1939 and the United States Department of Agri- 
culture in 1935 reported economic studies of this industry. Table 88 
summarizes the costs and profits of 110 Maryland hatcheries for 1936 to 

Poffenberger and DeVauIt, authors of the Maryland report, list the 




Table 88 


SUMMARY OF COSTS AND PROFITS IN THE HATCHERY BUSINESS 

(Two-year Average, 1936-38) 


Item 

Average 
of All 
Hatcheries 

Average 
per 1(X) 
Chicks 
Hatched 

Average 
of Most 
Profitable 
Hatcheries 

Average 

of Least ■ 

Profitable 

Hatcheries 

Number of hatcheries 

no 



27 

27 ; 

Number of chicks hatched 

109,392 


112.845 

29,894 

Number of chicks custom hatched 

7,536 



7,188 

4,035 i 

Per cent of hatchability 

71.6 



72.6 

67.2 : 

Total hatchery investment 

$5,119.56 


$ 

4,826.88 

$3,654.64 

Hatchery investment as per cent of total 





. 

investment 

38.4 



28.4 

40.8 : , 

j Income: 






i Value of puilorum-tested chicks sold . . 

$7,790.82 

$7.62 

$ 

8,412,36 

$1,959.95 1 i 

Value of non-pullorum~tested chicks 





' 1 

sold 

527.52 

.55 


1,550,10 

125.52 - I 

Value of chicks kept 

394.16 

.40 


628.76 

277.64 

i Income from custom hatching 

248.18 

.24 


219.44 

117.39 

Total 

$8,960.68 

$8.81 

$10,810.66 

$2,480.50 

Costs: 






’ 1 

General expenses : 






‘ I 

Fuel 

$ 177.82 

$0.18 

$ 

147.30 

$ 98.85 

' i 

j j 

Light, water, disinfectants and 






! 

misc 

48.04 

.04 


67.16 

29.89 ; 

I > I' 

Total. 

$ 225.86 

$0.22 

T 

214.46 

$ 128.74 

1 11 

Hatchery overhead: 





1 


Taxes 

$ 60.83 

$0.06 

$ 

60.83 

$ 39.41 


Insurance.. 

27.98 

.03 


20.41 

14.13 

i! 

Depreciation 

393.80 

.38 


350.22 

247.09 


Interest on investment 

241.22 

.24 


217.43 

158.19 j 


Office supplies, misc 

7.68 

.01 


9.15 

4.22 


Total..... 

$ 731.51 

$0.72 


658.04 

$ 463.04 


Labor: 







Hired 

$ 254.34 

$0.25 

$ 

190.65 

$ 143.30 


Family. 

432.98 

.43 


356.40 

251.13 

! 

Total 

$ 687.32 

; $0.68 

T 

547.05 

$ 394.43 

1 

Selling Cost: 






■ 

Advertising ; 

$ 116.12 

$0.11 

$ 

75.89 

$ 38.98 

■ 

Telephone and telegraph . 

30.82 

.03 


16.41 

24.54 


Transportation (truck) 

87.94 

.09 


38.63 

69.87 


i Express and parcel post 

43.18 

.04 


38.39 

4.96 


Stamps, stationery and misc 

29.26 

.03 


13.64 

10.09 

, 

Total.. 

$ 307.32 

$0.30 

$ 

182.96 

$ 148.44" 


Allowances: 







Value of extras 

$ 193.88 

$0.19 

$ 

236.56 

$ 55.54 

1 

Replacements 

41.62 

.04 


20.46 

41.64 

■1 

Bad debts 

52.06' 

.05 


46.00 

30.28 

■1 

Total 

$ 289.56 

$0.29 

T 

303.02 

$ 127.46 

■1 

Cost of eggs 

$4,508.07 

$4.44 

$ 

4,993.82 

$1,300.58 


Cost of containers 

$ 132.52 

$0.13 

$ 

117.35 1 

$ 49.30 i 

Cost of breed improvement 

$ 58.21 

$0.06 

$ 

67.72 

$ 21.88 , 

Cost of custom hatching. 

$ 132.42 

$0.13 

$ 

90.39 1 

$ 153.65 ; 

Total hatchery cost. 

$7,072.79 

$6.97 

$ 

7,174.81 

$2,787.52 

Total net profit or loss 

$1,887.89 

$1.84 

$ 

3,635.85 

—$307.02 

Per cent return on investment. 

36.9 

35,5 


75.3 

—8.4 


I 


^®Md. Agr. Expt. Sta. Bui. 426. 
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Fig, 206. Average seasonal variation in Plymouth Rock broiler, fryer, and springer prices 
at Chicago-ten-year average, July, 1929, to June, 1939. (Purdue Agricultural Experiment 
Station Bulletin 441.) 


following factors as influencing profits in the hatchery business: (1) gross 
income and cost, (2) efiiciency in the use of fuel, (3) efficiency in the use 
of labor, (4) investment, (5) egg cost, (6) hatchability of eggs, (7) source 
from which eggs were obtained for hatching, (8) premium paid for eggs, 
(9) number of chicks hatched, (10) hatchery capacity and capacity utilized, 
(11) selling costs, (12) cost of allowances, (13) length of the hatchery 
operation, and (14) marketing practices. 

Volume of business. As in all industries there is a minimum volume 
of business necessary before profits can be realized in the hatchery busi- 
ness. Under Maryland conditions (1936-38) the most profitable hatch- 
eries ($3600 per year) had an average output of 120,000 chicks per year and 
the least profitable (loss of $307 per year) produced about 30,000 chicks 
annually. The relation of number of chicks hatched to profits realized 
by hatcheries is shown in Table 89. Hatcheries which produced a 
large number of chicks not only had more total profit but they also had 
a higher profit per chick than did the hatcheries with a smaller output. 
Maryland hatcheries with an egg capacity of 80,000 or more realized very 
good profits per hatchery, but those having less than 40,000 egg capacity 
realized an average annual income of from $78 to $1025. Capacity must 
be utilized to return a profit. The total egg capacity of a hatchery should 
be utilized at least two times and preferably more often during the hatch- 
ing season. The average rate of capacity utilization in the United States 
during the 1934 season was 2.7, while in 1943 an average of 467 eggs were 
set per lOO-egg capacity. 
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Table 89 


RELATION OF NUMBER OF CHICKS HATCHED TO PROFIT 

(Two-year Average, 1936-38) 



Number of Chxcks Hatched 


Item 

9,999 

and 

Under 

10,000 

to 

19,999 

20,000 

to 

39,999 

40,000 

to 

1 79,999 

80,000 

and 

Over 

OF All 
Hatcheries 

Average number of 
chicks hatched per 
hatchery 

! 

4,974 

25 

13,951 

19 

30,598 

20 

57,482 

20 

372,228 

26 

116,928 

no 

Number of hatcheries . . 

Average per hatchery: 

Income. 

Cost. 

Profit 

$504 

550 

-46 

$1,100 

1,036 

64 

$2,658 

2,185 

473 

$4,222 

3,425 

797 

$30,704 

23,896 

6,808 

$8,960 

7,072 

1,888 

Average per 100 chicks 
hatched: 

Income 

Cost 

Profit 

$10.16 

11.04 

-.88 

$7.88 

7.42 

.46 

$8.68 

7.15 

1.53 

$7.34 

5.95 

1.39 

$8.24 

6.42 

1.82 

$8,38 

6.62 

1.76 


Those hatcheries in position to extend the hatching season and thereby 
increase the utilization of their capacity and reduce the overhead charges 
per chick can realize more net profit than those less favorably located or 
operated. The Maryland results show that profits were directly related 
to length of season. Hatcheries which operated less than ninety days 
realized very little net profit. 

Egg cost Egg cost of producing chicks for the United States in 1934 
was 50 per cent of the total cost of production. Figure 207 shows the 
distribution of costs of producing and selling chicks in Maryland for 
1936 to 1938. There the egg cost represented 63.7 per cent of the total 
cost. The Maryland study showed that those hatcheries which paid the 
highest premiums for hatching eggs also realized the most profit per 
hundred chicks because by selling quality chicks they were able to com- 
mand a price which more than compensated for the extra cost of pro- 
ducing the chicks. 

Hatchability is an important factor determining the egg cost of chicks. 
With eggs costing 30 cents per dozen the cost of producing chicks can be 
• reduced 51 cents per hundred by increasing hatchability from 65 per cent 
to 75 per cent of all eggs set. Proper flock supervision will more than pay 
for its cost by improving hatching results. 
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Labor cost. The efficient utiliza- 
tion o£ labor is a problem for hatch- 
eries because of the seasonal nature 
of the work. Hatcheries with rela- 
tively large capacities which operate 
through a long season can use labor 
most effectively. The most profitable 
hatcheries reported in the Maryland 
study had an average labor cost of 
46 cents per hundred chicks hatched 
as compared to $1.53 for the least 
profitable hatcheries. The average 
labor cost for Maryland hatcheries 
was 68 cents per hundred chicks as 
compared to $1.29 for the United 
States in 1934. 

Fuel cost. The cost of fuel is an important item in the cost of produc- 
ing chicks and, according to the Maryland study, is highly variable, rang- 
ing from less than 15 cents per hundred to more than 60 cents per hundred. 
The average fuel cost for 110 Maryland hatcheries was 18 cents per hun- 
dred chicks. The cost per kilowatt-hour for electricity is important in de- 
termining the cost of producing chicks with electricity. Though electric 
incubators are relatively expensive to operate, they have advantages which 
have caused most hatcherymen to turn to them. 

Capital investment. Figure 207 shows that about 10 per cent of the 
cost of producing chicks is overhead charges. About 85 per cent of these 
charges is interest on investment and depreciation. The average invest- 
ment per hundred chicks produced by the hatcheries reported in the 
Maryland study was $5.02. Sixty-nine per cent of this was invested in 
incubators and 22 per cent in buildings. Some hatcherymen could, no 
doubt, increase their profits by investing in modern equipment. Equip- 
ment which gives satisfactory results should not be replaced by some that 
is more expensive merely because it is fashionable to have new equipment. 

Marketing, Methods used in marketing chicks vary with the location 
of the hatchery and the type of hatchery. Local hatcheries sell most of 
their chicks at the hatchery or deliver them directly to the customer. Large 
hatcheries sell by mail most of the chicks they produce, shipping them by 
parcel post or express. The average cost of selling chicks by the Maryland 
hatcheries was 30 cents per hundred and distributed as shown in Table 
90. Large commercial hatcheries expend more in selling their chicks, par- 
ticularly for advertising. 


Cost of 



Fig. 207, Percentage distribution of the 
cost of producing and selling baby chicks, 
1936-38. (Maryland Agricultural Experi- 
ment Station Bulletin 426.) 
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SELLING COST 

(Two-year Average, 1936-38) 


Item 

Average 

Cost Per 
Hatchery 

Average Cost 

Per 100 Chicks 
Hatched 

Per Cent 
of Total 

Advertising 

i $116.12 

$ 0.11 

37.7 

Telephone and telegraph 

30.82 

.03 

10.1 

Transportation (truck) 

87.94 

.09 

28.6 

Express 

13.92 

.01 

4.5 

Parcel post 

29.26 

.03 

9.5 

Stamps. 

14.69 

.02 

4.8 

Stationery. . 

3.43 


1.1 

Miscellaneous 

11.14 

’ .61 

3.7 

Total 

$307.32 

$0.30 

100.0 


Replacements. Every hatcheryman should try to satisfy his customers, 
but this should not lead to a sacrifice of profits through too lenient a policy 
in including extra chicks and making replacements. The value of these 
two items in some seasons is the difference between profit and loss in the 
hatchery business. In Maryland from 1936 to 1938 these two items cost 
the hatcherymen 23 cents per hundred chicks hatched. The purchaser of 
one hundred chicks does not pay for more chicks. Some allowance should 
be made for normal shipping losses, of course. Hatcherymen can very 
easily train their customers to expect a large number of extra chicks with 
each order. Losses which can be attributed to the chicks should be made 
good by the hatcherymen, but losses which are due to the mistakes of 
the poultryman should be borne by him and they should not be assumed 
by the hatchery. 

The sale of sex-separated chicks. Since the art of sex determination of 
baby chicks was made known to the hatchery industry of the United States 
there has been an expansion in the sale of sex-separated chicks. Table 91 
shows the extent that hatcheries in different parts of the country are using 
this technique. It is evident that few small hatcheries sell sex-separated 
chicks but that most large hatcheries sell these chicks. Large hatcheries 
can afford to keep a ‘‘sexer” (one trained to make sex determinations) but 
hatcheries with a small volume of business cannot profitably use the serv- 
ices of a “sexer.” Few hatcheries located in New England and the south- 
ern states sell sex-separated chicks, but 63.5 per cent of th^ hatcheries 
located on the Pacific Coast where the Leghorn breed predominates sell 
these chicks. The sale of sexed chicks is increasing in all parts of the 
United States. 


mbid. 
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Table 91 

PERCENTAGE OF HATCHERIES SELLING SOME SEX-SEPARATED CHICKS, 
1937-38, BY REGIONS AND SIZE-GROUPS 


Region 


Size Group 
(1,000 Eggs) 

New 

Eng- 

land 

Middle 

Atlantic 

East 

North 

Central 

West 

North 

Central 

South 

Atlantic 

East 

South 

Central 

West 

South 

Central 

Moun- 

tain 

Pacific 

United 

States 

Total 

Under 5.0 

2.9 

1.5 

3.3 

2.4 

1.0 


1.4 


11.0 

2.8 

S.0-9.9 

9.6 

1.2 

13.4 

4.8 

1.2 

3.*3 

5.0 

14.3 

38.4 

9.4 

10.0-24.9 

18.8 

5.1 

26.9 

14.4 

1.5 

10.2 

9.0 

30.0 

69.1 

20.0 

25.0-39.9 

37.9 

8.1 

41.4 

28.3 

4.8 

7.7 

12.1 

28.6 

84.5 

31.5 

40.0-59.9 

45.5 

19.6 

56.9 

32.0 

9.8 

6.2 

25.0 

57.1 

79.5 

40.0 

60.0-99.9 

45.5 

16.8 

67.8 

40.9 

20.7 i 

20.0 i 

32.5 

38.9 

87.9 

48.9 

100.0-199.9 

80.0 

55.6 

78.8 

58.4 

32.1 

11.1 

50.0 

100.0 

96.6 

65.3 

200.0^99.9 

60.0 

80.0 

89.3 

76.5 

11.1 

50.0 

66.7 

66.7 

100.0 

75.0 

500.0 and over 

100.0 

100.0 

100.0 

88.9 


100.0 

100.0 

100.0 

100.0 

96.0 

All size-groups 

15.0 

7.7 

40.9 

27.5 

5.6 

7.8 

13.5 

33.8 

63.5 

26.3 


Table 92 

PERCENTAGE OF HATCHERIES SELLING SOME STARTED CHICKS, 1937“38, 
BY REGIONS AND SIZE-GROUPS 


Region 


Size Group 1 
(1,000 Eggs) ! 

1 

New 

Eng- 

land 

Middle 

Atlantic 

East 

North 

Central 

West 

North 

Central 

South 

Atlantic 

East 

South 

Central 

West 

South 

Central 

Moun- 

tain 

Pacific 

United 

States 

Total 

Under 5.0 

48.9 

40.9 

48.4 

24.2 

45.9 

58.3 

45,8 

45.5 

50.7 

44.0 

5.0-9.9 

61.7 

55.0 

60.1 

45.2 

39.3 

56.7 

62.7 

53.6 

54.8 

55.2 

10.0-24.9 

51.2 

57.1 

80.1 

79.1 

62.2 

76.3 

78.2 

65.0 

60.4 

69.1 

25.0-39.9 

58.6 

75.9 

88.2 

86.5 

74.6 

77.8 

79.4 

92.9 

75.9 

82.2 

40.0-59.9 

68.2 

70.2 

97.4 

83.2 

80.5 

50.0 

82.7 

85.7 

81.4 

84.7 

60.0-99.9 

63.6 

73.7 

86.7 

88.0 

69.0 

66.7 

82.1 

77.8 

84.8 

83.2 

100.0-199.9 

80.0 

76.5 

82.7 

90.3 

75.0 

88.9 

92.9 

83.3 

86.2 

85.2 

200.0-499.9 

60.0 

90.0 

67.9 

76.5 

77.8 

50.0 

83.3 

100.0 

81,8 

75.9 

500.0 and over 

50.0 

100.0 

66.7 

55.6 


100.0 

100.0 


75.0 

I 

64.0 

All size-groups 

55.1 

1 

58.S 

1 

79.8 

75.5 

S9.S 

67.1 

73.3 

69.7 

66.0 

69.4 


The disposal of cockerel chicks becomes a major problem where there 
is a surplus of Leghorn male chicks. In the Pacific states many of these 
cockerel chicks are destroyed. Fifty per cent of the hatcherymen located 
in Oregon reporting for the season of 1937-38 stated that they destroyed 
some chicks. 

U. S. D. A. Chick Hatchery Survey, 1937-38. Based on the replies from 5,889 
hatcheries. 

Ibid* Based on replies from 5,883 hatcheries. 
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The sale of started chicks. In the early days of the hatchery business 
orders for chicks were placed far enough ahead of the delivery date so 
that the eggs could be set after the order was received. In recent years the 
purchasers of chicks have found that hatcherymen anticipate their orders 
and make settings accordingly. Therefore, chicks could be obtained on 
short notice or by merely calling at the hatchery for them. In some com- 
munities they have found that they can purchase started chicks at the same 
price as day-old chicks. During a poor season started chicks may be pur- 
chased for less than the regular price of day-old chicks. Thus, the started 
chick business has grown into what most hatcherymen consider a nuisance. 
The extent of the started chick business is shown in Table 92. The sale 
of started chicks is growing because poultry raisers do not like to brood 
chicks and suffer the losses they have to take from pullorum disease. 

K.evieto Questions 

1. Why do people raise chickens? 

2. What does the feed-egg ratio mean? 

3. How does poultry production respond to changes in these ratios? 

4. What is the relation of farmers’ income from poultry and eggs to the 
income of industrial workers? 

5. Make a sketch of a poultry plant layout for 1500 layers. 

6. What factors should be considered when selecting poultry stock? 

7. List the factors which affect profits from poultry raising on the general 
farm. 

8. Why do flocks of certain size tend to be located in different regions of 
the United States? 

9. Is commercial poultry farming profitable? 

10. List the factors which were found to influence profits most on commercial 
poultry farms in Connecticut. 

11. What are the major factors influencing the cost of producing pullets? 

12. Can the general farmer produce pullets as cheaply as the commercial 
poultryman? 

13. When do specialized broiler producers start their chicks? 

14. What size bird is most economical for broiler raisers to sell? Is this 
bird a broiler? 

15. What percentage of the cost of producing chicks is egg cost? 

16. Should hatcheries make good all chick losses which their customers suffer 
during the first two weeks after the chicks are purchased? 

17. What is a “chick sexer”? 

18. Why are cockerel chicks destroyed in some regions? 

19. Why do most hatcherymen sell started chicks? 
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CHAPTER FIFTEEN 


Turkey Varieties and 
Breeding Problems 


Turkeys are native to America, and before its discovery were unknown 
to European or Asiatic civilizations. The Aztec Indians of Mexico had 
domesticated the wild turkey (Fig. 208) and as early as 1498 the Spanish 
imported turkeys to Spain. The birds proved very popular and apparently 
readily adjusted themselves to their new environment. As early as 1573 
it is reported that they were plentiful in England. Domesticated turkeys 
were brought to New England by the early colonists from Europe and 
served as a nucleus from which the turkey industry of the United States 
developed. 

Varieties 

The six Standard varieties, Bronze, White Holland, Bourbon Red, 
Narragansett, Black, and Slate were developed from the wild stock or 
from varieties descended from the wild stock. The weights for these vari- 
eties as given in the 1938 edition of the American Standard of Perfection 
are as follows : 


Variety 

Adult 

Tom 

Yearling 

Tom 

Young 

Tom 

Adult 

Hen 

Yearling 

Hen 

Young 

Hen 

Bronze. ........ 

36 

33 

25 

20 

18 

16 

White Holland, 
Bourbon Red, 
Narragansett, 
Black, and 

Slate . ...... . 

33 

30 

23 

18 

16 

14 
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Fig. 208. The native wild turkey as now found in New Mexico, 


Popularity of the respective varieties. The Bronze turkey which more 
nearly resembles the wild turkey has remained the most popular variety 
raised. A nation-wide survey made by Turkey World of the 1938 turkey 
crop showed that the following proportions of the different varieties were 
raised that year: Bronze, 63.9%; White Holland, 13.5%; Narragansett, 
9.7%; Bourbon Red, 9.1%; and Black, 3.8%. Apparently very few Slate 
turkeys are raised. 

Bronze. The Bronze turkey has color markings similar to the wild 
turkey native to the Mississippi Valley and the eastern part of the United 
States (Fig. 209) . The white markings in the tail, however, probably trace 
their origin to the Mexican wild stock. The New England wild turkey 
has brown instead of white in the color pattern of the tail. During the 
nineteenth century the domesticated Bronze turkey was crossed with the 
wild New England stock. 

The popularity of Bronze turkeys can be partly attributed to their re- 
semblance to the beautiful wild stock, their vitality, their size, and the fact 
that they have been in the hands of progressive breeders. It is necessary to 
see these birds in their fully mature plumage to appreciate their beauty. 
The development of this color pattern may have been at the neglect of 
vitality and market qualities in some cases, but this variety has remained 
a popular turkey with the growers. 
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White Holland. The White Holland turkey takes its name from its 
solid white color and the fact that it was supposedly brought to America 
by the early Dutch colonists from Holland. A white variety originated in 
Europe probably as a ‘‘sport” from the Mexican stock imported by the 
Spaniards. However, the White Hollands which were developed in 
America very likely came from white “sports” from the Bronze variety. 
With the recent tendency toward smaller turkeys, White Hollands have 
been gaining in favor (Fig. 209). 

Bourbon Red. This variety was developed by Mr. }. F. Barbee of 
Bourbon County, Kentucky, from crosses made about 1890. Mr. Barbee 
crossed Bronze, White Holland, and Buff varieties and selected from 
these crosses the birds which were red with white primaries, secondaries, 
and main tail feathers. This is a beautiful variety with good market 
qualities. The modern type and color pattern are illustrated in Figure 
209. 

Narragansett. This variety takes its name from Narragansett Bay, the 
region in which it originated. It probably arose as the result of crossing 
the Norfolk Black, which the English colonists brought with them, with 
the New England wild stock and by later introducing some Mexican wild 
stock. This variety is somewhat similar in appearance to the Bronze. 
However, the birds are lighter in color and lack the copperish bronze 
markings which characterize the Bronze turkey. Figure 209 shows the 
Narragansett color pattern. 

Black. The Blacks probably originated as “sports” from the turkeys 
introduced into Europe by the Spaniards. They were called the Black 
Norfolks and were later brought to America by the colonists. Black 
turkeys sometimes occur in flocks of Bronze turkeys. The importance 
of this variety in the past appears to have been its value as one of the 
parents for developing new varieties. Its relatively smaller size and its 
well-developed breast may make this variety more popular as a market 
turkey. A very good Black specimen is shown in Figure 209, 

Slate. This variety is supposed to have originated in America from the 
crossing of Black Norfolks and White Hollands. The birds have slaty 
or ashy blue plumage. Slate turkeys have never been popular in the 
United States and at present relatively few birds of this variety are raised 
in this country. They have the same standard weight as the Black variety 
(Fig. 209). 

Non-Standard varieties. From time to time new varieties arise, some 
to become popular and be admitted to the Standard and others soon to 
become extinct. At present (1941) the Royal Palm, a white turkey with 
black markings; the Nittany, named for Mt Nittany near Pennsylvania 








Fig. 209. Breeds of turkeys. Top left^ Narragonsett. (Courtesy Hawkeye Turkey Farm and 
^^Turkey World/0 Top right. Black. (Courtesy '“'Turkey World.") Center left. Bourbon Red. 
(Courtesy Pleasant Valley Turkey Farm.) Center right. Bronze. (Courtesy Wallace Neel.) 
Bottom left. White Holland. (Courtesy U. $. D. A.) Bottom right, Slate. (Courtesy Wingert 
Turkey Farm.) 
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State College where this variety was developed from the native wild 
turkeys; and certain small type turkeys, notably the Belts ville Small 
Whites, are making their bids for the favor of the turkey-buying public. 

The future of the turkey industry depends quite largely on the success 
which may be achieved in breeding for market qualities and for birds 
which are efficient producers of human food. 

Breeding Objectives 

Color patterns. Turkey breeders should select for the color pattern de- 
sired in their respective varieties. Most of these color patterns are very 
well fixed, so that little attention need be paid to such characters. To neg- 
lect important market qualities and focus attention on fine distinctions 
in color designs is a mistake. The most successful breeders in the future 
will emphasize market qualities but retain also the color pattern of their 
varieties. Unless the color pattern becomes a secondary breeding objec- 
tive, there may appear a division of turkey breeders as there has of breed- 
ers raising chickens; those who emphasize color pattern will comprise one 
group and those who are interested in utility values will constitute an- 
other. 

Market qualities. Since the turkey is a meat animal, it should be bred 
for the most desirable market type and size. Already some breeders have 
made considerable progress in this direction. As in other animals, size 
and type are inheritable characters which may be influenced by selection. 
Birds with compact bodies are being used quite extensively in turkey 
matings and attention is being centered on market quality. No doubt 
there are many market qualities other than size and shape which should 
be emphasized. Early maturity is receiving attention and it should be 
emphasized because the efficiency of the turkey as a producer of human 
food is dependent somewhat upon early maturity. The ability of the 
bird to grow mature plumage at an early age, fattening or finishing while 
yet young and probably immature, the texture of meat, and the distribu- 
tion of fat are all market qualities which should receive the attention of 
the breeder. Figure 210 shows Bronze toms of good market type. 

Size of turkey to raise. The producer should strive to satisfy the de- 
mands of the markets for turkeys as long as it is profitable to do so. 
Those who are emphasizing small size in turkeys should bear in mind 
that the overhead cost per pound for small turkeys is greater than for large 
turkeys. It is also true that the hotels and restaurants prefer the larger 
birds because they can get more servings per pound of large turkey. Hen 
turkeys, because of their smaller size and excellent quality, are in demand 
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Fig. 210. Bronze toms of good market type. The bird on the left shows the proper body 
carriage. The other tom was “off balance" for this photograph. 


for family use. Table 93 shows the results obtained from a rather extensive 
survey made in 1936 by the National Association of Food Chains for the 
purpose of determining from their customers the demand for turkeys of 
different sizes. It will be observed that 50 per cent of the consumers 
patronizing the chain food stores preferred turkeys under twelve pounds. 
The Delaware station gathered some data (Table 94) on this problem m 
the city of Wilmington which showed that restaurants and wealthy cus- 
tomers have a very definite preference for turkeys weighing over thirteen 
pounds. It is evident that various sizes are in demand. 

£gg production. Economical poult production rec^uires high egg pro- 

Table93 

CONSUMER DEMAND FOR TURKEYS BY SIZE OF BIRD ^ 

Proportion of 

Size of Turkey , Total Demaad * 

Group 1 (Sand 9 pounds) 25% 

Group 2 (10 and 11 pounds). 25% 

Group 3 (12 and 13 pounds) 23% 

Group 4 (14 and 15 pounds) 14% 

Group 5 (16 and 17 pounds) 8% 

Group 6 (18 pounds and over) ...... 5% 

• Represents weighted average of all returns to make allowances for the varying sizes of reporting companies. 

Survey made by the National Association of Food Chains, 1936. 





578 


POULTRY 


Table 94 

NUMBER OF CONSUMERS AND RESTAURANTS PREFERRING VARIOUS SIZES 

OF TURKEYS ^ 


Sizes 

OF 

Turkeys 

All Consumers | 

Wealthy Consumers 

Restaurants 

Number 

Per Cent 

Number 

Per Cent 

Number 

Per Cent 

6 pounds 

1 

.5 





8 pounds 

5 

.5 





9 to 10 pounds 

49 

27.1 

4 

21.0 



11 to 12 pounds 

50 

27.6 

4 

21.0 

1 

4.8 

13 to 15 pounds 

42 

23.2 

5 

26.3 

8 

38.1 

Over 15 pounds 

' 38 

21.0 

6 

31.7 

12 

^ 57.1 


duction in the breeding stock. Egg production in turkeys as in chickens 
can be increased by proper breeding. The basis o£ selection must be trap- 
nest records and progeny test records. The use o£ trap nests £or obtaining 
egg-production records on turkeys is a recent development. The Okla- 
homa Agricultural Experiment Station has reported the trap-nest record 
o£ a turkey hen which laid 205 eggs in one year (1932). A number o£ 
turkey breeders and investigators are now using trap-nests £or obtaining 
egg-production records. 

Unless the consumption o£ turkeys becomes less seasonal so that there is 
a greater demand £or turkeys throughout the year, poult production will 
remain highly seasonal and there will be little demand £or turkey eggs 
out of the regular hatching season. Under the present conditions early 
egg production and intensive production are most desirable. As in chick- 
ens, early sexual maturity and intensity of production are inherited char- 
acters which can be modified by breeding as well as by feeding and man- 
agement. 

Factors related to annual egg production in turkeys have been investi- 
gated by Asmundson at the California Agricultural Experiment Station, 
Davis, California. For the years 1934, 1935, and 1936 the average annual 
^SS production was 77.2, 76.1, and 79.4 eggs. He found that annual 
production was influenced most by (1) date of last egg, or the bird’s per- 
sistency; (2) length of pause, or time out of production; (3) date of 
first egg, or starting early in the season; and (4) net spring rate of pro- 
duction. From these results it would appear that to increase annual egg 
production in turkeys, they mus^t be bred for persistency and intensity of 
production without rest periods, and they must be bred and so managed 
that they start laying early in the season. 

Young hens lay more eggs than do older birds. Records of egg pro- 


2 Del. Agr. Expt. Sta. Bui. 218, 1939. 
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Fig. 211. Pendulous crop, on inherited condition. 

duction kept at the California station showed the following production 
per hen: first year, 77 eggs; second year, 50 eggs; third year, 44 eggs; fourth 
year, 45 eggs; and fifth year, 28 eggs. Egg production is reduced when 
turkey hens are permitted to remain broody and hatch their eggs. Date 
of hatching is also a factor influencing time of egg production. Early- 
hatched birds often lay during the winter months while late-hatched birds 
may not lay until late spring. 

The elimination of inherited defects. The California station has 
shown that pendulous crops in turkeys are inherited. In matings whkh 
they made the percentage of offspring developing pendulous crops varied 
from none to 100 per cent. They were also able to show that the occur- 
rence of pendulous crops was greatly increased when turkeys were raised 
where the temperature was high, the humidity low, and where there was 
much sunshine. They concluded that the tendency for turkeys to develop 
pendulous crops was determined by one pair of recessive autosomal genes. 
If oendulous crops are inherited in the manner these investigators befieve 
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them to be, the breeder could elimi- 
nate this defect only by progeny test- 
ing his birds, and discarding any 
which produced offspring developing 
this condition. This condition can- 
not be eliminated by merely culling 
turkeys that develop pendulous crops 
(Fig. 211). 

The Kansas Agricultural Experi- 
ment Station has shown that in 
chickens the tendency to develop 
crooked breast bones is inherited. 
It appears logical to assume that 
in turkeys crooked breast bones also 
may be inherited. Birds showing 
evidence of crooked breast bones 
should be marketed and thereby 
kept out of the breeding pens (Fig 
212 ). 

The progressive turkey breeder will 
not only select breeding stock free 
from market defects but he will 
study the inheritance of these de- 
fects and by scientific breeding elimi- 
nate them from his strain of turkeys. 

Selection of Breeding Stock 

The success of any breeding program depends upon the stock used in 
the breeding pens. Young birds which are intended for breeding purposes 
should be selected in the fall before any birds are marketed. Otherwise, 
some of the best birds may be sold and therefore lost for breeding. 

The basis of selection should be, of course, those qualities which the 
breeder hopes to establish in his strain of birds. Since turkeys are pro- 
duced primarily for meat, selection for desirable market characteristics 
should be considered fundamental in any turkey breeding program. The 
market prefers a turkey which has a long, wide, and deep breast, and a 
compact body which is well fleshed and covered with fat. The market 
also prefers turkeys which have well-matured plumage and few pin- 
feathers when dressed. 


COURTESY NEVADA AGRICULTURAL EXPERIMENT STATION 

Fig. 212. Crooked breast bone, a serious 
market defect. 


The Oklahoma Agricultural Experiment Station has reported results 

'I: 
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which show that such measurements as keel length, body depth in front, 
and shank length may be used as a basis for selecting turkeys at market 
age. Advancement can be made along these lines by breeding. 

The specialty breeder who uses trap nests will make selection also on 
the basis of pedigrees and progeny records. 

Matings 

Age of stock. Birds one year old are usually used for breeding purposes. 
For the production of market turkeys this appears to be the most practical 
method to follow because the females produce more eggs during their 
first laying season, hatchability is generally higher when young stock is 
mated, and the cost of keeping breeding stock from one season to another 
is eliminated. The progressive breeder who pedigrees his stock and uses 
progeny records must keep breeding stock for several seasons. From the 
data given in Table 95 it is evident that young turkey breeding females 

Table 95 


EFFECT OF AGE OF TURKEY BREEDING STOCK ON 
EGG PRODUCTION ^ 


Age of Stock 
(Years) 

Average Egg 
Production 

First Egg After 
January 1 (Days) 

1 

76.6 

67.3 

2 

49.5 

78.8 

3 

44.2 

80.3 

4 

44.6 

87.6 

5 

' 27.6 

96.2 


will produce more eggs during the breeding season and these eggs will 
be produced earlier in the season than if older birds are used. 

Single male matings. Many turkeys are produced on farms where one 
male is mated with a few females. Many commercial turkey raisers also 
mate single males with from ten to fifteen females. Single male matings 
are necessary where pedigreed breeding methods are being followed, so 
that ancestry may be traced and progeny tests made. Where males are 
placed in adjoining breeding pens it is advisable to place some material 
such as burlap on the fence so that the males cannot see each other. Other- 
wise they exhaust their energy by parading before each other, “gobbling,” 
and attempting to fight. 

Flock matings. Large-scale turkey production has resulted in mass or 
flock matings where several males are used. In flock matings one tom is 


® Asmundson and Lloyd, University of California. 
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used for each fifteen to twenty females. A very simple method for pre- 
venting the males from fighting and the fertility from thereby being re- 
duced is to confine the males in individual pens with openings only large 
enough for the females to pass through. These pens should be so ar- 
ranged that the hens have to pass through to get feed or water. Solid 
partitions between the pens three or four feet high will prevent the toms 
from fighting through the fence. 

Pedigree breeding of turkeys. The realization that the market qualities 
of turkeys are inherited has led to the pedigree breeding of turkeys. The 
trap nest has been found to be a practical device for determining the egg 
production of individual turkey hens and also for identifying the eggs 
laid by different birds. A record of all matings should be kept which 
shows the male and females used in each pen. An incubator record should 
also be kept which shows for each hen the number of eggs set, the number 
of infertile eggs, the number of dead embryos, and the poults hatched. 
Each poult should be wing banded and suitable records kept so that the 
pedigree of any pedigreed bird can be determined at any time (Fig. 219). 

By keeping progeny records, valuable male and female breeding stock 
can be identified and better families can be kept and the inferior ones 
discarded. It is only by such methods that the breeder can hope to make 
much progress in breeding turkeys. 

Breeding systems. Three systems of breeding are used in breeding 
turkeys: inbreeding, outbreeding, and crossbreeding. Close inbreeding 
(brother and sister, etc.) results in low hatchability, low fertility, high 
mortality, slow growth, and late maturity. Mating distantly related birds 
is a desirable method for the breeder who is doing pedigreed breeding to 
use in establishing desirable characters in his strain of turkeys. 

Most turkey growers who are not interested in doing pedigree breeding 
find that outcrossing is the best system for them to follow. They can 
purchase breeding males from some breeder who is breeding the type they 
want. These males are mated with females selected from their own flock. 
They can purchase stock from the same breeder year after year with little 
danger of ill effects from inbreeding. Those who wish to do so may pro- 
duce their own toms, if they have several individual mating pens, by fol- 
lowing the plan shown in Figure 213. With four pens (A, B, C, D) the 
best male produced each year from the mating in pen A would be placed 
in B the following year; but the best females raised from the A mating 
would remain in pen A for the following breeding season, to be mated 
with the best male produced by the mating in pen D. The management 
of the other pens would be similar in that males produced in B would go 
to C and those produced in C to D. . 
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Pen A 


Mate the best females produced 
by this mating each year with a 
young tom produced by the mating 
in Pen D 


Pen D 


Mate the best females produced 
by this mating each year with a 
young tom produced by the mating 
in Pen C 


Pen B 


Mate the best females produced 
by this mating each year with a 
young tom produced by the mating 
in Pen A 


Pen C 



Mate the best females produced 

< 

by this mating each year with a 


young tom produced by the mating 


in Pen B 


Fig. 213. A systematic breeding plan for the breeder who desires to produce his own breed- 
ing stock and avoid close inbreeding. 


Crossbreeding is sometimes used, but the crossing of the different varie- 
ties of turkeys has not, as yet, proved enough superior to outcrossing to 
justify its use. Turkey breeders and growers prefer to raise purebred 
stock. 

Artificial insemination. The National Agricultural Research Center 
(1938) reported the successful use of artificial insemination in turkey 
breeding. They were able to increase fertility from an old tom by using 
artificial insemination instead of natural mating. While this method is not 
likely to gain widespread use, it does provide the breeder with a technique 
which may be quite helpful in introducing valuable blood into his flock. 

Management of Breeding Stock 

The failure of a turkey-breeding program can be traced frequently to 
the mismanagement of the breeding stock. While turkeys given their free- 
dom on the farm may produce more fertile eggs than when kept under 
artificial conditions, they do respond to good management and produce 
maximum results when they have proper care and management. 

Range or yards. During recent years there has been a change from 
range to yards for turkey breeding stock. In those regions where Black- 
head is a serious turkey disease this change has been necessary in order to 
prevent all range from becoming contaminated with the organisms which 
cause this disease. The most practical yarding system is one where green 
feed can be grown in the yards. Wire fences from five to six feet high will 
confine turkeys if the yards are level and they cannot perch or roost on the 
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COURTESY MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 214. A pen of turkey breeding stock confined to a small yard, covered with crushed 
stone, (Note saddles on females.) 


fence. For single male matings yards 40' x 120' provide sufficient green 
feed. Gravel, crushed stone, or cinders placed around the house or 
roosting quarters help to maintain more sanitary conditions in the yards. 
Very small yards fifteen or twenty feet square covered by three or four 
inches of gravel, crushed stone, or cinders, as shown in Figure 214, may be 
used for single male matings. Results reported by the Pennsylvania 
Agricultural Experiment Station showed that breeding stock could be 
closely confined in such pens without interfering with breeding results. 
When confined in yards where there is no growing green feed, both cod 
liver oil and a high-grade alfalfa meal should be fed. The use of some 
fresh green feed was reported by the Pennsylvania station to increase 
hatching results even though 5 per cent of alfalfa meal was used in the 
mash* 

Complete confinement. The New Hampshire Agricultural Experi- 
ment Station reported in 1938 that turkey breeding stock kept in complete 
confinement in houses and artificially lighted so that they had a maximum 
of fourteen hours of light laid eggs which hatched as well as eggs laid by 
similar breeding stock on range, though the fertility was 7.7 per cent 
lower. The average production per bird for the breeding season was 
thirty-six eggs for the confined birds and thirty eggs for the birds on range. 

Housing. The need for protection of turkeys against cold and rainy 
weather depends upon the climatic conditions which prevail where they 
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are kept. They are generally considered to be less susceptible to the ef- 
fects of weather than are chickens, and therefore require less protection. 
In most sections of the United States all that is required is roosting quarters 
protected by a roof and three walls. Adult turkeys may be confined in 
houses with satisfactory results, but the most economical procedure for 
the southern part of the United States appears to be outside roosts only. 
For the northern part of the United States and Canada roosting sheds 
should be protected on the north, east, and west sides against winds, rain, 
and snow. Results reported by Scott and Payne in 1938 showed that 
housing was not necessary for turkey breeding stock in Kansas. 

Roosts (2" X 4") laid flat or four-inch poles provide satisfactory roosts 
for turkeys. Each bird should have about eighteen inches of space on the 
roosts. Open top boxes 2' x 2' and 10 to 12 inches deep supplied with some 
nesting material such as straw, excelsior, or cane pulp make very satis- 
factory nests. They may be located in the house or in some secluded spot 
in the yard. Where special breeding work is done, trap nests protected 
from rain and snow are used (Fig. 215). The house should provide about 
8 to 10 square feet of floor space per bird so that plenty of room for feeders, 
waterers, and the birds will be available. 

Artificial lighting. That turkeys may be brought into production as 
much as two months before they would otherwise lay, by using artificial 
lights, has been demonstrated by several investigators. The use of lights 


Fig. 215. Turkey hen entering trap nest. Note the doors on top for removing the birds from 
the nests and the hen^s number painted on the saddle for identification. 
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Fig. 216. EflFect of all-night lights on egg production in turkeys. 


will usually bring mature turkeys into production within thirty days after 
the lights are started. The lights may be turned on early in the morning 
or all-night lights may be used. Figure 216 shows the results obtained at 
the Missouri Agricultural Experiment Station when all-night lights were 
used on Bronze turkey hens during their first laying season. 

The Pennsylvania Station has reported that it is necessary to expose toms 
to lights at least one week or longer before the hens are placed under lights 
to insure satisfactory early fertility. Work at the Oklahoma Station in- 
dicates that for Oklahoma conditions both toms and hens respond to lights 
within the same length of time. These differences between the Pennsyl- 
vania and Oklahoma results are likely due to climate. 

The Oklahoma Station has also shown that the source of light used is 
important. Electric, gasoline, and natural-gas lights were equally effective 
in stimulating egg production in turkeys, but kerosene lanterns did not 
have any effect on egg production. 

Feeding, Suitable rations are necessary for high egg production and 
good hatchability. These rations may be similar to those used for feeding 
chickeii breeding stock. Farmers who raise chickens and turkeys may use 
the same mash for both kinds of breeding stock. Breeding turkey toms 
will consume about six pounds of feed per week and for the same period 
the females will consume about three pounds of feed. The cost of feed 
is the principal item of expense in keeping breeding stock. 

Rations for turkey breeding stock. Rations which are satisfactory for 
feeding chicken breeding stock can be used for feeding turkey breeding 
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stock. Special turkey rations as recommended by the United States De- 
partment of Agriculture are as foUows:’ 


MASH-SCRATCH LAYING RATION 


Mash 

Grain 

Ground yellow corn 

26 Lbs. 

Yellow corn (or barley) 

40 Lbs.' 

Middlings 

20 

Heavy oats 

38 

Bran 

12 

Wheat 

20 

Alfalfa leaf meal 


Cod liver oil (ordinary high grade 


(dehydrated preferred) 

10 

oil not fortified), pints or 


Meat scrap (50 to 55% protein) . , 

8 

pounds 

2 

Dried milk 

. 8 



Fish meal (60 to 70% protein) , . 

8 



Ground oyster shell 

7 



Salt 

1 



Total 

. 100 Lbs. 

Total 

100 Lbs. 


ALL-MASH LAYING RATION FOR TURKEYS 

Coarsely ground yellow corn 30 Lbs. 

Pulverized oats 20 

Middlings 21 

Bran 6 

Alfalfa leaf meal, bright green color 5 

Meat scrap (50 to 55 % protein) 4 

Dried milk. 5 

Fish meal (60 to 70% protein) 3 

Ground oyster shell 4 

Cod liver oil (ordinary good grade oil, not fortified). 

Salt ^ 


100 Lbs. 

Unless an all-mash ration is used, grain should be fed either in hoppers or 
fed daily in troughs or on top of the mash. In addition to alfalfa leaf meal 
in the mash the breeding stock should have access to growing green feed 
in the yards or freshly cut greens. Gravel or other hard grit should be 
made available for the birds. 

Protection of females against injury in mating. Turkey hens are fre- 
quently injured seriously by large toms tearing their backs while mating. 
To prevent these injuries the sharp toenails and spurs of the toms may be , 
clipped, or “saddles” may be placed on the females. Many producers are 
protecting the females by placing canvas “saddles” on them, as shown in 
Figure 214. This should be done before the breeding season begins. 
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Cost of keeping breeding stock. The breeder who is following a scien- 
tific breeding program must keep breeding stock throughout the year. 
The cost of keeping this stock is a considerable item and includes labor, 
returns on investment in stock, equipment, and land, losses from mortality, 
depreciation, and feed costs. The feed consumption of turkey breeding 
stock is shown in the following table: 

Table 96 


FEED CONSUMPTION OF BRONZE BREEDING STOCK. U. S. RANGE LIVESTOCK 
STATION, MILES CITY, MONTANA, 1929-1935 


Season 

Pounds of Mash and Scratch Feed 
Consumed per Week 


Males 

Females 

Winter period— Dec. 15 to Feb. 8. (Unlighted) 

5.85 

3.23 

Winter-Spring period — Feb. 9 to May 31. (Morn- 
ing lights Feb. 9-April 15) 

5.13 

2.73 

Summer-Early Fall maintenance period — ^June 1 
to October 18 

3.S0 

1.40 

Fall fattening period — Oct. 19 to Nov. 15 

7.00 

3.50 

Total for 52-week period 

240.88 

117.12 


Hatchery supply flocks. The development of specialized poult produc- 
tion by hatcheries has created a demand for turkey hatching eggs. Many 
turkey eggs are shipped to hatcheries in the north central states from 
California, Texas, and other southern states. Egg production in turkeys is 
influenced by light, and therefore turkeys located where the days become 
longer earlier in the season than in other sections produce more early 
eggs. This factor will always remain in favor of those southern states and 
most of the early-hatching eggs will likely be produced in those areas. 
Hatcheries specializing in poult production which are located in the 
northern states may continue to find it profitable to purchase turkey eggs 
from producers located in more favorable climates. 

Turkey Improvement Associations 

Variety associations. There are organized clubs for each of the varieties, 
except for the Slate turkeys. These associations promote their respective 
varieties, suggest standards for them, hold club meets, and encourage the 
exhibition of their varieties. They have done much to standardize color 
patterns and develop the type of the present-day turkey. 
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The National Turkey Improvement Plan. This plan became operative 
September 25, 1943. The primary objectives of this program are to im- 
prove the production and marketing quality of turkeys and to reduce 
losses from disease. The plan is progressive and provides for four breed- 
ing stages and four pullorum-control classes. 

U. S. Approved Breeding Stage. V, S. Approved Floc\s. These flocks shall 
meet the following requirements: Toms and hens shall be carefully selected 
once each year for constitutional vigor and standard-bred qualities to a reason- 
ably high degree. The following specifications should be emphasized: 

(a) Conformation: Body should be deep and relatively rectangular in shape, 
flesh of breast well developed, giving this region a rounded fullness, in con- 
trast to sharp-keeled birds lacking in muscular development. The front point 
of the keel should be well fleshed and free from coarseness. The back should 
be flat and wide over its entire length. Leg bones should be sturdy, of medium 
length, and without coarseness. Normal turkey carriage, or posture (body 
carried at an angle of 35° to 45° from the horizontal) is important as are 
sturdy, strong legs placed squarely under the body. 

{b) Shape of breastbone: Breastbone should be straight, relatively long, and 
parallel with the back. It should extend well up between the lower thighs 
(drumsticks) as the bird is suspended by the legs. 

(c) Rate of maturity: Birds showing definite indications of late maturity 
should not be approved. 

The method of selecting turkey breeding stock for standard-bred and meat- 
production qualities prescribed by the State college of agriculture or other 
properly constituted State agency shall serve as a basis for the selection of toms 
and hens. Recommendations of special committees of the National Turkey 
Federation and the American Poultry Association on turkey type, weight, and 
other variety characteristics may properly be used as guides in developing and 
improving standards of selection. Emphasis at all times should be placed upon 
uniformity as regards conformation, size, color, carriage, and appearance of the 
birds remaining in the breeding flock after selection is completed. All birds to 
be used in U. S. Approved breeding flocks shall be selected by a State inspector 
or by a flock-selecting agent. 

All birds selected for U. S. Approved breeding flocks shall be banded at the 
time of selection, with sealed and numbered leg or wing bands obtained from 
the ofBcial State agency. Birds rejected by the State inspector or the flock- 
selecting agent shall have leg and wing bands removed, and shall be kept 
separate from the breeding flocks. The selection of birds for U. S. Approved 
flocks shall be completed prior to March 1, and at least 30 days before any eggs 
are saved for hatching purposes, except that this 30-day interval shall not be 
required if all the toms found in the breeding flock are approved. No birds 
shall be selected and approved earlier than at 22 weeks of age. 
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Before the individual flock from which it is proposed to sell U. S. Approved 
eggs or poults may be recognized as a U. S. Approved flock, it shall be in- 
spected and approved by a State inspector. Before saving eggs for hatching, 
or offering for sale U. S. Approved eggs or poults of any one variety, at least 
25 per cent of the hatchery flocks of this variety supplying eggs to the hatchery 
must be inspected and approved by the State Inspector, and the remainder of 
the flocks must be inspected during the hatching season. The inspection of 
a flock by a State inspector shall consist in the physical examination, by 
handling of a sufficient number of toms and hens to satisfy him that the flock- 
selection work performed meets the requirements of the U. S. Approved 
breeding stage. 

No birds except those with official sealed and numbered leg or wing bands 
shall be allowed in the breeding flocks, and no toms shall be allowed with any 
other hens of breeding age on the same premises except in U. S. R. O. P. or 
U. S, R.^ O. M. matings. 

Only one variety shall be kept on a farm unless, where more than one 
variety is kept, ample provision has been made to keep these varieties and 
their eggs separate. 

U. S. Certified Breeding Stage. U. S, Certified Floc\s, These flocks shall 
fulfill all the requirements of U. S. Approved flocks and shall be free from dis- 
qualifications, The hens shall be mated to U. S. R. O. P. toms or to sons of 
U. S. R. O. M. matings. The toms shall be selected by a State inspector and 
the hens by a State inspector or a. specially authorized flock-selecting agent. 
All flocks shall be inspected by a State inspector at least once during the breed- 
ing season. After the second year of U. S. Certified breeding work on any 
farm, hens to be used as breeders shall be from U. S. Certified flocks or from 
U. S. R. O. P. or U. S. R. O. M. matings. 

U. S. Record of Performance Breeding Stage. U. S. Record of Performance 
embraces records of egg production, egg weight, hatchability, and body weight 
made on the breeder’s premises under official supervision and similar records 
made at State colleges of agriculture, and State and Federal experiment stations, 
when such records are passed on by the official State agency and when the 
individual birds meet other U. S. R. O, P. requirements. 

The primary objective of this and the U. S. R. O. M. breeding stage is to 
produce young toms to head U. S. Certified flocks. 

For more detailed information see a copy of the National Turkey Improve- 
ment Plan, as published by the U. S. Department of Agriculture. 

U. S. Register of Merit Breeding Stage. This breeding stage embraces in- 
dividual and family records of egg production, hatchability, viability, and 
market quality of the progeny made on the breeder’s premises under official 
supervision. Provision is made for the recognition of family breeding *and 
progeny testing with or without trap nesting. 

U. S. PuUorum^Tested Class. This class that permits a certain reactor tol- 
erance is made a part of the turkey plan as a recognition that the initial step 
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has been taken toward an eradication program. Under existing conditions in 
many sections of the country tolerance classes seem necessary in the develop' 
mental stage of an official turkey-testing program. No breeder should be 
content with having qualified his flock for the U. S. Pullorum-Tested class 
only. Control measures should be practiced continuously with a view to reduc- 
ing the percentage of reactors each year and qualifying for the higher classes 
as soon as possible. 

U. S. Pullorum-Tested Floods. These flocks shall meet the following re- 
quirements: 

(a) All turkeys to be used as breeders shall be tested for pullorum disease 
when more than 4 months of age under the supervision of an official State 
agency, and shall contain fewer than 6 per cent reactors in 1944-45, fewer than 
5 per cent in 1945-46, fewer than 4 per cent in 1946-47, and fewer than 3 per 
cent in 1947-48, the last test being made within 6 months immediately pre- 
ceding the date of first sale of hatching eggs, poults, or breeding stock from 
such flocks. At the end of the 1947-48 hatching season, the U. S. Pullorum- 
Tested class shall be deleted from the plan. 

(b) All indicated carriers of pullorum disease shall be removed from the 
premises on completion of the test and disposed of in a manner satisfactory to 
the official State agency. 

(<r) All birds remaining in the breeding flock shall be properly leg- or wing- 
banded. 

(d) Individual birds introduced into U. S. Pullorum-Tested flocks shall 
have passed, within 6 months, a negative official test for pullorum disease. 

(e) All other poultry on the same premises must be completely segregated 
from the turkeys in a manner satisfactory to the official State agency. 

U. S. Pullorum-Controlled Class. This class like the U. S. Pullorum-Tested 
is a tolerance class differing from U. S. Pullorum-Tested only in the tolerance 
permitted. It will be the only tolerance class after the 1947-48 hatching season 
when the U. S. Pullorum-Tested class is to be deleted from the turkey plan. 

U, S, Pullorum-Controlled Floc\s, These flocks shall meet the following 
requirements: 

{a) All turkeys to be used as breeders shall be tested for pullorum disease 
when more than 4 months of age under the supervision of an official State 
agency, and shall contain fewer than 2 per cent reactors, the last test being 
made within 6 months immediately preceding the date of first sale of hatching 
eggs, poults, or breeding stock from such flocks. 

(^) All indicated carriers of pullorum disease shall be removed from the 
premises on completion of the test and disposed of in a manner satisfactory to 
the official State agency. 

(<r) All birds remaining in the breeding flock shall be properly leg- or wing- 
banded. 

{d) Individual birds introduced into U. S, Pullorum-Controlled flocks shall 
have passed, within 6 months, a negative official test for pullorum disease. 



Fig. 217. Judging turkeys at the Ohio State Fair. 


(e) All Other poultry on the same premises must be completely segregated 
from the turkeys in a manner satisfactory to the official State agency. 

U. S. Puilorum-Passed Class. This class, which embodies the recognition of 
infected premises, permits no tolerance in the official recognition of the flock. 
It emphasizes the advisability of retesting at frequent intervals until no reactors 
are found and, therefore, is a more effective step toward eradication than the 
tolerance classes. No breeder should be content with having qualified his flock 
for this class. Control measures should be practiced continuously with a view 
to eliminating all infection and qualifying for the U. S. Pullorum-Clean class 
as soon as possible. 

U. S. Pullonim-Clean Class. Turkey flocks of this class shall meet the fol- 
lowing requirements: 

(a) All turkeys to be used as breeders shall be tested for pullorum disease 
when more than 4 months of age under the supervision of an official State 
agency and shall contain no reactors on the first or any subsequent test made 
within 6 months immediately preceding the date of first sale of hatching eggs, 
poults, or breeding stock from such flock. 

(b) For a flock to qualify as a U. S. Pullorum-Clean flock, all other poultry 
on the same premises shall either qualify for a pullorum classification similar 
to U. S. Pullorum-Clean of the chicken plan or must be completely segregated 
from the turkeys in a manner satisfactory to the official State agency. 


Judging Turkeys for Exhibition, Live Market, or Dressed Quality 

Until recent years the only shows for turkeys were the exhibition poul- 
try shows. The realization that the winners in these exhibition shows 
were not necessarily the best market birds led to the establishment of shows 
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where the live birds were judged for their market quality and also shows 
where dressed birds were exhibited. Renewed interest in turkey raising 
has also aroused an interest in the quality o£ poults and led to the day-old 
poult shows which are now held in some states. 

Exhibition judging. While turkeys, like other species of poultry, are 
judged in the exhibition shows by comparison, the score card gives the 
evaluation for the different sections which should be considered by the 
judge (Fig. 217). The tendency toward utility in turkeys was recognized 
when the new score card was adopted at the annual convention of the 
American Poultry Association in St. Paul, Minnesota, July 16, 1938. This 
score card gives greater value to condition, vigor, and shape of breast but 
less to color than did the previous Standard of Perfection. 


SCORE CARD FOR JUDGING TURKEYS 


Symmetry 

Condition and vigor. . 
Weight 

Head^^^^P^ 

Color.... 

Throat-wattle — shape. 



\Color. 

Color 

TailfShfe 

Breast/^^^P® 

iSreast^ Color 

Body and ' 

Legs and 


5 

10 

12 

3 

1 

2 

1 

1 

2 

3 

4 

6 
6 

5 
4 

6 
10 

4 

6 

4 

3 

2 


Live market classes. In many turkey shows the judges are emphasizing 
market quality instead of color pattern. Some shows have live market 
classes in which turkeys are judged almost exclusively for market quality. 
Marsden and Martin have suggested the score card on page 595 for judging 
live market turkeys. 
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Sturdiness and activity. ......... 20 

Perfection and development ...... 20 

Weight before feeding ..... . . .... 10 

Uniformity of size. 14 

Apparent breed type 10 

Trueness to color. 14 

Uniformity of color. ............. 12 


COURTESY “TURKEY WORLD” 

Fig. 218. Champions at the Washington 
Turkey Show, December, 1 939. 


Dressed turkey exhibits. Since the 
turkey is primarily a market bird 
sold to the ultimate consumer in 
the dressed condition and since the 
dressed market appearance of the 
bird cannot be judged always by 
looking at the live specimen, there 
have arisen the dressed classes for tur- 
keys (Fig. 218). They have served a 
very useful purpose in that they have 
educated producers to market de- 
mands and stimulated consumer de- 
mand for quality turkeys. Marsden 
and Martin have suggested the score 
card on page 596 for dressed tur- 
keys. 

Poult shows. The poult show 
tends to focus attention on the pro- 
duction of quality poults. The qual- 
ity of turkey poults is improving, but 
many inferior poults are being started 
by turkey raisers. The poult show 
serves as an educational medium for 
those interested in producing better 
poults. The Iowa State Turkey Poult 
Show, the first of its kind in the 
United States, for their fifth show 
May 11-13, 1939, used the following ' 
score card. 




SCORE CARD FOR JUDGING LIVE MARKET TURKEYS ^ 

Show Date ^ Band No..^ 

Variety Class -W eight — 


Section Number 
and Name 

Point value in scoring 

Explanation 

1. Standard 
quality 

Vigor and"eondition 10 

Variety color 5 

Symmetry and 

breed type 5 

Standard weight. . . 5 

Total 25 

This much weight is given' to the general 
appearance of the bird. 

If crossbred turkeys are scored, the color 
is not considered. 

When exhibited in market classes as pure- 
breds, specimens should creditably rep- 
resent the variety and be free from seri- 
ous disqualifications. Standard dis- 
qualifications, unless so serious as to im- 
pair the appearance or actions of the 
bird are not to disqualify- 

IL Finish (fat) 

20 

A specimen should grade fully U. S. 
Special to rate 20. 

III. Feathering 

20 

A specimen should be completely free of 
pinfeathers to rate 20. 

Short pinfeathers are especially unde- 
sirable. 

IV. Fleshing, 
especially 
breast 

20 

A specimen should have a broad, fully 
fleshed breast, the width carrying out 
well towards the rear, and be fully 
fleshed in all other sections of the body. 

Drumsticks should be plump and moder- 
ately short. 

V. Relationship 
of keel to 
shank and 
of keel to depth 

10 

As measured by sliding-jaw calipers, the 
length of the keel bone should equal, or 
exceed, the length of the shank. The 
depth depends upon size. 

The shank is measured by flexing it at a 
right angle to the tibia, bending back 
the center toe, and measuring the dis- 
tance from back of hock to surface of 
the pad on the bottom of the foot, press- 
ing calipers firmly but not strongly 
against the parts. The keel is measured 
by holding the calipers against the rear 
end .of the bone and the sliding jaw 
against the front end. The depth is 
measured from middle of keel to middle 
of back. 

VI. Shape of keel 
and relation of 
keel to back 

5 

The keel should be parallel or nearly so to 
the back and should be free from 
curves, dents, and knobs. 

Total 

100 



^Viom Turkey Management, by Marsden and Martin, 1939. By permission o£ The Inter- 
state Printers and Publishers. 
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Review Questions 

1. Where did the early New England colonists obtain their turkey breeding 
stock? 

2 . What variety of turkeys is most popular in America? Why? 

3. Name in order of importance the objectives of a turkey breeding program. 

4. What characters must be established in turkeys to insure high egg pro- 
duction ? 

5. What factors contribute to the occurrence of pendulous crops in turkeys? 

6. Can turkey breeding stock be confined to houses or small yards without re- 
ducing hatchability? 

7. What is the purpose of turkey “saddles”? 

8. What breeding stages are suggested for turkeys in the National Turkey 
Improvement Plan? 
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CHAPTER SIXTEEN 


Turkey Production and 



Profits from turkey raising are determined largely by the efficiency at- 
tained in production, in the control of diseases and parasites, and in mar- 
keting. 

Incubation 

Artificial incubation has, quite generally, replaced natural methods be- 
cause (1) the time of setting can be controlled; (2) a larger number of 
poults can be hatched at the same time; (3) egg production of the breed- 
ing stock is higher, because the hens do not take time out to set; (4) there 
is less danger of transmitting disease to the poults; and (5) artificial in- 
cubation is less expensive than the natural incubation of turkey eggs, if all 
items of cost are considered. 

Selection of hatching eggs. The reasons for making a selection of tur- 
key hatching eggs are to improve hatching results, and to improve the 
quality of the poults produced. The only egg characteristic thus far found 
to be associated with hatchability is egg size. As in chicken eggs, it has 
been found that the very small eggs and the extremely large eggs do not 
hatch well. Extremely small eggs should be discarded because they pro- 
duce undersized poults; but large eggs need not be discarded, because even 
though they may not hatch well, they are worth more for producing poults 
than any other use which can he made of them. The Kentucky Agricul- 
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tural Experiment Station, has reported that poults hatched from these small 
and large eggs lack vitality, and the mortality among them is higher than 
among poults hatched from eggs of a more normal size. The average 
weight of eggs laid by Bronze hens during their first season’s production 
is about eighty-five grams or three ounces. Marsden and Martin in 1939 
reported the following data on the size of eggs laid by 531 young Bronze 
hens during April and May. 

Table 97 


WEIGHT OF TURKEY EGGS 


Hens Laying 

Number 

Per Cent 

Average 

Hens 

OF Total 

Grams 

Ounces 

Very small eggs-— below 70 grams 

4 

1 

67.00 

2.36 

Small eggs 70-79 grams 

127 

24 

76.17 

2.69 

Medium-sized eggs — 80-89 grams 

298 

56 

84.01 

2.96 

Large eggs — 90-99 grams 

98 

18 

1 

92.36 

3.25 

Very large eggs — 100 grains and over 

4 

1 

101.50 

3.58 

All hens 

531 

100 

83.68 

2.95 


Thus it will be observed that some hens lay large eggs while others pro- 
duce small eggs. Small hens tend to produce smaller eggs than do larger 
hens. Eggs having abnormal shape and those with thin shells or cracked 
shells should not be used for hatching purposes. 

Care of hatching eggs. The hatchability of the best hatching eggs can 
be destroyed by improper care while the eggs are being held before set- 
ting. The three factors most likely to reduce hatchability during this 
period are (1) abnormal holding temperatures, (2) holding the eggs too 
long, and (3) rough handling. Since the embryo undergoes development 
at temperatures above 82° F., hatching eggs should be held at lower tem- 
peratures. Work at the Kansas Agricultural Experiment Station showed 
that excellent hatching results were obtained when turkey eggs were held 
between 55 °F. and 60 °F. for as long as four weeks. Eggs held at high 
temperatures undergo some embryonic development and are thereby 
weakened so that the percentage of hatch is reduced. When eggs are held 
at low temperatures hatchability is reduced, though turkey eggs apparently 
resist cold better than do chicken eggs. Temperatures near freezing for 
a few days will completely destroy hatchability. The length of time turkey 
eggs can be held without reducing hatching results is very largely de- 
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pendent upon the temperature at which they are held. The Kansas station 
reports the following data which show this relationship. 

Table 98 


EFFECT OF HOLDING TEMPERATURE AND AGE OF EGG ON HATCHABILITY 

OF TURKEY EGGS ^ 


Days Held | 

Hatchability 


Temp. 36T. 
(1931) 

Temp. 54°F. 
(1931) 

Temp. 55-60°F. 
(1930) 

Temp. 60-7S“F. 
(1929) 

1-6 

66 

71 

89 

72 

7-13 

52 

65 

90 

73 

1^20 

27 

75 

85 

45 

21-27 

6 

67 

84 

14 

28-34 

0 

61 

86 

: 6 


It has been shown that rough handling, which causes the air cells to be- 
come tremulous, reduces the hatchability of chicken eggs. No doubt 
turkey eggs are affected in a similar manner. Turkey eggs while being 
held before setting should be kept where the temperature is between 
50 °F. and 60 °F. They should be held with the small end down in regular 
egg cases equipped with duck-egg fillers. Under the usual operating 
conditions they should not be held longer than two weeks. Turning by 
tilting the case is recommended if the eggs are held longer than one week. 

Management of the Incubator 

Poor hatches of turkey eggs are relatively more common than of chicken 
eggs. However, the cause , is often found in the breeding stock or its 
management instead of in the incubation. There are, of course, incuba- 
tion problems and the correct principles of incubation must be applied if 
satisfactory hatches of turkey eggs are to be obtained. !dany turkey grow- 
ers are purchasing poults or having eggs custom hatched, thus eliminating 
their problem of incubation. With good hatchable eggs the modern in- 
cubator when properly operated will give equally as satisfactory results 
when hatching turkey eggs as when used for hatching chicken eggs. The 
principles involved are the same but the requirements are slightly dif- 
ferent. 


^ Data from Kans. Agr. Expt. Sta. Bui. 276. 
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Temperature. There are certain definite limits between which the tem- 
perature o£ the incubator must be kept i£ satisfactory hatching results are 
to be obtained with turkey eggs. Eggs incubated in forced-draft in- 
cubators hatch well when kept at from 99 to 100 if the other re- 
quirements for incubation are satisfied. Results obtained at the Kentucky 
Agricultural Experiment Station in 1935 showed that a satisfactory weekly 
schedule of operating temperatures to follow when incubating turkey eggs 
in sectional incubators was, for the respective four weeks, 100.5 °F., 
101.5°F., 1025°F., and 103°F., when the bulb of the thermometer was 
level with the top of the eggs. The thermometer used in the incubators 
should be compared with a thermometer of known accuracy, preferably 
a physician’s thermometer, so that no mistakes will be made when the 
temperatures are read. 

Humidity. For best results the relative humidity for incubating turkey 
eggs is near 60 per cent for the first twenty-four days and 70 per cent for 
the last four days. Such humidity conditions produce about the correct 
evaporation from the egg and provide satisfactory hatching conditions. 
To obtain the above relative humidities in forced-draft incubators the 
wet-bulb reading in such incubators should record for the first twenty-four 
days of incubation a temperature of 12 "^F. below the dry bulb temperature 
reading, and for the last four days of incubation the difference should be 
9®F. When sectional machines are used, the most satisfactory methods 
for judging moisture conditions in the incubator are (1) observing the 
size of the air cell at intervals and estimating the rate of evaporation, (2) 
weighing a tray or sample of eggs at regular intervals and comparing the 
percentage loss in weight with experimental data which is available, and 
(3) using in “still-air” incubators a hygrometer which can be purchased 
from poultry supply houses. Work at the Kansas Agricultural Experi- 
ment Station indicates that the optimum loss of moisture from turkey eggs 
while being incubated is about 3.0 per cent or less per week or from 11 to 
13 per cent for the first twenty-four days of incubation. 

Ventilation. Proper ventilation of the incubator and the incubator 
room are essential for successful hatches from turkey eggs. The develop- 
ing embryos require air containing about 21 per cent oxygen and npt more 
than 1.5 per cent carbon dioxide. Since the oxygen requirements of the 
embryos increase as they develop, it is evident that ventilation must be in- 
creased as the hatch progresses. Any increase in ventilation tends to re- 
duce the relative humidity of the incubator. For best results at hatching 
time the incubator must be well ventilated and the humidity kept high. 

Turning. For satisfactory hatches turkey eggs must be properly turned 
while being incubated. They should be turned at least twice daily up to 
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the twenty-fourth day of incubation. With machines equipped with 
turning devices which require but little labor, the eggs should be turned 
at least five times daily. If the turning is done by hand, turning twice 
daily will give satisfactory results, although the hatch could be increased 
somewhat by turning more often. Developing embryos are sensitive 
organisms and therefore the turning of eggs or shifting of their position 
should be done with a minimum of jarring. 

Handling newly hatched poults. The newly hatched poults should not 
be exposed to temperatures lower than their hatching compartment until 
they have dried off. After they are “fluffed out,’' they may be allowed to 
drop into the nursery tray or be placed in boxes where the temperature is 
lower so that they may “harden.” The bottom of the box or tray should 
be covered with material which will prevent slipping and therefore the 
spraddling of the legs. Poults may be held or shipped in regular chick 
boxes, placing from fifteen to eighteen poults in the compartments de- 
signed for twenty-five chicks (Fig. 219). 

The production and sale of day-old poults. The production for sale of 
day-old poults has during the past few years made rapid progress. Turkey 
producers appear to be following the lead of poultry raisers who have 
quite largely turned to the purchase of day-old chicks instead of doing 
their own hatching. Many large turkey producers maintain breeding 
flocks which they use for producing poults for their own use and hatching 
eggs or poults for sale. The development of hatcheries which specialize 
in poult production has created a demand for turkey hatching eggs which 
has stimulated the growth of hatchery supply flocks. If properly managed, 
the commercial production of day-old poults may be expected to increase, 
and such producers become the source of supply of most poults. 

Brooding and Rearing 

Success or failure in raising turkeys is usually determined during the 
brooding period. Young turkeys are quite sensitive at this age and they 
must receive proper care and attention while being brooded. 

Natural Brooding 

Artificial brooding has quite generally replaced natural methods of 
brooding as turkey raising has become more commercialized. The turkey 
grower who raises several thousand turkeys each year cannot very well do 
so with hens. The producer who raises only a few turkeys often uses 
turkey hens for brooding and raising them. Hens may be used for brood- 
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Fig. 220. Natural brooding of turkeys. Brooding costs are low. These turkeys will recover 
much waste grain. 


ing late-hatched poults, since the weather is then more favorable and the 
hens have completed the production of eggs suitable for hatching purposes. 
From twelve to fifteen poults can be brooded with a chicken hen and about 
twenty poults with a turkey hen. Figure 220 shows a flock of young 
turkeys being cared for by turkey hens. 

Hens, either chicken or turkey, used for brooding poults should be free 
from disease and parasites. There is danger of spreading lice and black- 
head as well as other diseases from the hens to the poults. The spread of 
lice to the poults can be prevented by dusting the hens with sodium 
fluoride at ten-day intervals twice before they are placed with the poults. 

Artificial Brooding 

Within the last fifteen or twenty years turkey raising has become highly 
commercialized and many growers now raise several thousand birds an- 
nually. Such large-scale operations are possible now because practical 
methods of artificial incubation and brooding have been developed (Fig. 
221 ). 

Brooding Requirements for Turkeys 

Successful brooding of poults depends upon satisfying all of the es- 
sential requirements of the poults at this stage of their development. The 
environmental conditions necessary for satisfactory growth during the 
brooding period are proper temperature, adequate ventilation, sanitary 
quarters, and sufficient room. 

Temperature. The environmental temperature for poults must be con- 
trolled so that they are kept comfortable during the brooding period. For 
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Fig. 221. Starting poults with an electric brooder. Note feed placed on egg-case filler 
flats to encourage eating the first few days. Small feeders and waterers for young poults 
are in place. 

the first few days, they should be confined by means of a guard near the 
source of heat so that they may learn where to go later to become warm, 
after the guard has been removed. Before the poults are placed under the 
hover, the temperature should be adjusted to about 95 °F. two inches above 
the floor at the edge of the hover of a fuel-burning brooder or under the 
hover of an electric brooder. The temperature should be reduced about 
5°F. each week until heat is no longer needed. After heat is no longer 
needed during the day, it will be needed at night to prevent chilling and 
piling. 

Ventilation and humidity. Fresh air is necessary for normal growth 
and development. Ordinarily, a brooder house with an open front which 
has a muslin curtain for use in cold or windy weather will provide suf- 
ficient ventilation. Faulty brooder stoves when operated in tightly closed 
brooder houses sometimes cause carbon monoxide poisoning of poults. 
The condition of the air in a brooder house can be judged best when one 
first enters it. Foul air generally can be detected by odors. 

Proper ventilation will help prevent dampness in the brooder house. 
One indication of poor ventilation in the brooder house is dampness. The 
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Fig. 222. Starting poults in a battery brooder reduces labor to a minimum and prevents 
early brooding troubles, such as piling. 


brooder house should be kept reasonably dry at all times. However, an 
excessively dry brooder room causes poor feather growth and should 
therefore be avoided. * 

Sanitation. The prevention of disease in turkeys depends quite largely 
on the sanitation program followed. The brooder and all equipment used 
should be cleaned often and kept in a sanitary condition at all times. 

Floor space. It is false economy to overcrowd poults in the brooder 
house. A good rule to follow is to allow for the first eight weeks at least 
one square foot of floor space for each poult. Each poult should also be 
provided with from 10 to 14 square inches of space beneath the canopy of 
the brooder stove. A brooder stove with a 52-inch canopy will provide 
room for 150 poults. 


Brooding Equipment 






The equipment needed for brooding poults is quite similar to^ and in 
many instances the same, as that used for brooding chicks. 

Houses. Movable colony brooder houses and permanent brooder houses 
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Fig, 223. Poults about ready for range. A reel feeder, water fountain, 2" x 4" roosts, and 
an electric hover are in use. 


are both used for brooding poults. A 10' x 12' colony brooder house will 
provide room for starting and brooding to eight weeks of age 125 poults. 
Permanent brooder houses are generally used by commercial turkey grow- 
ers. When equipped with sun porches, they provide excellent brooder 
house facilities for the poults as long as they need heat. 

Brooder stoves. Any brooder suitable for chicks can be used for starting 
poults. Colony brooder stoves are used in the small movable brooder 
houses and also in the individual pens of the long, permanent houses. 
Hot water brooding systems are very desirable for the long houses with 
many pens. Battery brooders are being used successfully by some pro- 
ducers for brooding poults as long as they need heat (Fig. 222) . 

Feeders and waterers. Poults should always have an opportunity to eat 
or drink when they so desire. The feeders and waterers used for chicks 
are satisfactory for poults. For the first eight weeks each poult should be 
provided with two inches of feeding space at such feeders, as shown in 
Figure 223. One fountain (one gallon size or larger) should be provided 
for each fifty poults. Both the feeding and watering space should be in- 
creased as the poults grow into larger birds. 
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COURTESY MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 224. Sun porch for raising turkeys in complete confinement. Note arrangement of 
feeders and waterers. 

Roosts. Roosts should be placed, in the brooder house by the time the 
poults are three or four weeks old. These roosts should be 
T' X 3", or T' X 4'' laid flat and built on frames about one foot high, with 
poultry netting beneath them to prevent the poults from falling from the 
roosts and to keep them away from their droppings. 

Brooder Management 

Success in brooding turkeys depends quite largely upon the good judg- 
ment of the operator. The management practices followed are most im- 
portant 

Providing brooding requirements. The requirements listed above must 
be provided. The poults must be kept comfortable regardless of outside 
weather conditions; the brooder room must be adequately ventilated; 
sanitary quarters must be maintained; the birds must be provided with 
plenty of room; and they must be properly fed. 

Litter for poults. Litter is essential for maintaining a sanitary brooder 
house floor, unless batteries are used. For the first two weeks, coarse sand, 
gravel, peat moss, or other suitable litter is recommended. It is well to 
cover the litter with paper while teaching the poults to eat, so that they 
do not consume too much litter before they learn to find their feed. Later, 
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Fig. 225. A range shelter equipped with roosts beneath the roof and also on top of the 
roof. 


coarser litters such as straw, shavings, or ground corn cobs may be used. 

Wire floors are used by some producers. One-inch mesh wire floors cov- 
ered with one-half-inch mesh hardware cloth for the first two or three 
weeks provides a very sanitary floor. Such floors are expensive and often 
inconvenient to move. 

Educating the poults. One problem which taxes the beginner’s in- 
genuity is that of teaching poults to eat. Some use rolled oats, others milk 
or clabber, and others finely chopped boiled eggs or green feed. Some 
producers place a few older poults or some day-old chicks with the poults 
to teach them to eat. 

When placed under a canopy brooder, the poults should be confined by 
a guard such as shown in Figure 221. This will teach the poults where to 
go to become warm. All corners should be rounded off to prevent piling. 

Poults should be taught to roost early as this will prevent piling at night. 

I 

Rearing Turkeys 

Raising or growing turkeys after they no longer need heat and the 
protection of a brooder house is a necessary part of any turkey production 
program. 

Confinement or range. The producer must choose between raising 
turkeys in confinement or on range. Figure 224 shows turkeys being 
raised in complete confinement. Either system gives satisfactory results 
when properly managed. Confinement is necessary if all available range 
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is contaminated with, disease or parasites. Range can be made to supply 
green feed and thereby supplement the ration and reduce the feed costs. 
Confinement brooding requires more expensive equipment and is recom- 
mended only when suitable conditions are not available for growing 
turkeys on range. Limited range is preferred to free range for turkeys so 
that the range may be rotated. Turkeys which are well fed, however, re- 
main near the feed and water. 

Range shelters and roosts. Some growers use range shelters as roosting 
quarters for turkeys. In some cases roosts are provided on the roof of the 
range shelter as well as under the roof, as is shown in Figure 225. Poults 
can be moved to range earlier if range shelters are used than if they have to 
roost in the open without any protection against the weather. 

Roosts are generally used but are not absolutely necessary for turkeys. 
Some growers roost their turkeys on the ground. Recent investigations re- 
ported by the Wyoming Agricultural Experiment Station showed that 
four-inch poles were the most satisfactory roosts for growing turkeys. 
Two-by-fours laid flat and slighdy tilted are also very good roosts. Nar- 
row roosts increase the number of dented breast bones. Some producers 
build roosts on wheels so that they can be moved easily. Roosts placed on 
saw horses are satisfactory and can be moved easily. The roosting quart- 
ers, if permanent for the season, should be so arranged that the turkeys 
cannot get to the droppings. 

Yards for growing turkeys. Where a small number of turkeys are 
raised, it is advisable to confine them to limited range by using temporary 
yards. One acre of land on which there is good growing green feed will 
provide enough range for 125 turkeys to market age. Movable fences, 
such as are generally used as snow fences along highways, make very 
good temporary fences for yarding turkeys. They should be moved about 
every two weeks and so arranged that about one-fourth of the acre is in the 
yard. 

Shade. In most sections of the United States turkeys need shade during 
the summer months. Trees and growing crops such as corn, grain 
sorghums, and sunflowers provide the best shade for turkeys. But if such 
shade is not available, artificial shade should be provided. 

Protection against predators and thieves. In some sections the greatest 
obstacles to turkey raising are predatory animals, including Homo sapiens. 
Well-constructed wire fences will protect turkeys against dogs, wolves, and 
coyotes. Flares arranged near the roosts will scare most animals away, 
as well as thieves. Some growers are curbing thieving by tattooing their 
birds. The tattoo marks are placed on the web of the wing and they are 
valuable in identifying stolen birds. 
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Requirements for Growth 

Growth of turkeys. The growth rate of turkeys is higher than that of 
chickens, and as in chickens, growth is influenced by a number of factors. 
The producer of turkeys is interested in a relatively high rate of growth 
throughout the growing period so that economical gains may be obtained 
up to the age when the birds are marketable. A comparison of the sizes 
of turkeys of different strains at various ages as presented in Tables 99 and 


Table 99 

GROWTH STANDARDS FOR MALE TURKEYS ^ 


Age 

Extra- 
Large 
Bronze « 

Standard- 
Bred 
Bronze “ 

Medium- 
Sized 
Bronze ^ 

White 
Holland « 

Black a 

Small 

Type-All 

Varieties 

Wild^ 

1 day 

.12 

.13 

.13 

.12 

.11 

.11 

.11 

2 weeks 

.30 

.33 

.30 

.34 

.35 

.33 

.28 

4 weeks 

.80 

.86 

.80 

.78 

.87 

.86 

.62 

8 weeks 

3.20 

3.13 

2.79 

2.33 

2.92 

2.99 

2.06 

12 weeks 

6.80 

6.54 

5.40 

S.38 

5.66 

5.45 

3.62 

16 weeks 

11.80 

10.35 

8.58 

9.39 

8.53 

8.35 

5.90 

20 weeks 

17.00 

14.47 

12.10 

13.15 

12.27 

11.11 

8.94 

24 weeks 

21.20 

18.23 

15,17 

16.42 

15.54 

14.21 

11.03 

26 weeks 

23.00 

20.18 

16.91 


17.79 

16.03 

12.06 

28 weeks 

24.20 

21.35 

18.51 


19.54 

17.79 

12.58 

30 weeks 

25.00 

23.35 

20.30 

. . . 

21.36 



32 weeks 

25.60 

23.95 







aU. S.D. A. Okla. Expt. Sta. ° Pa. State College. The authors. ® Larro Research Farm, Detroit, Mich. 


100 shows wide differences. At twenty-four weeks of age the wild males 
averaged 11.03 pounds as compared to 21.20 pounds for the extra-large 
Bronze males; the wild birds were only about one-half the size of the 
domesticated strains which had been bred for large size. Heredity, there- 
fore, is an important factor influencing growth. 

The ration used influences the rate of growth; however, the mature body 
weight is not materially different if the rations used maintain the health 
of the turkey. High protein rations produce more rapid early gains, but 
the adult turkeys at twenty-eight weeks of age are about the same size as 
those grown on a lower protein level. 

The weather is also a factor influencing growth. Turkeys grow slowly 
during hot weather, but later compensate for such retarded growth so that 

^ Data from Turkey Management, by Marsden and Martin, 1939. By permission of The 
Interstate Printers and Publishers. 
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Table 100 


GROWTH STANDARDS FOR FEMALE TURKEYS * 


Age 

Extra- 
Large 
Bronze ® 

Standard- 

Bred 

Bronze 

Medium- 

Sized 

Bronze ^ 1 

White 
Holland <= 

Black a 

Small 

Typ^e-^All 

Varieties 

Wild« 

1 day 

.12 

.13 

.12 

.12 

.12 

.11 

.11 

2 weeks 

.30 

.30 

.28 

.32 

.33 

.29 

.28 

4 weeks 

.70 

.75 

.72 

.69 

.80 

.72 

.60 

8 weeks 

2.50 

2.68 

2.42 

1.97 

2.58 

2.23 

1.84 

12 weeks 

5.60 

5.28 

4.51 

4.31 

4.69 

3.86 

3.16 

16 weeks 

9.00 

7.67 

6.80 

6.95 

6.62 

5.80 

4.85 

20 weeks 

11.90 

9.67 

8.67 

8.88 

8.75 

7.38 

6.82 

24 weeks 

14.20 

11.15 

9.95 

10.74 

9.96 

8.71 

7.52 

26 weeks 

15.00 

12.04 

10.58 


10.94 

9.44 

7.92 

28 weeks 

15.70 

12.48 

11.11 


11.81 

10.02 

' 8.34 

30 weeks 

16.20 

13.28 

11.57 


12.53 



32 weeks 

16.60 

13.37 

! 


I 




a U. S. D. A. b Okla. Expt. Sta. « Pa. State College. ^ The authors. ® Larro Research Farm, Detroit, Mich. 


the mature body weight is about the same as if they had not been exposed 
to high temperatures. 

Nutritive requirements of the turkey. The nutritive requirements of 
the turkey are similar to those of the chicken but vary in some respects. 
The turkey is quite sensitive to nutritive deficiencies and the wise pro- 
ducer will use reliable rations and leave experimentation to the agricul- 
tural experiment stations established for that purpose. 

Protein requirements. The turkey requires a high protein ration for 
the first few weeks when the rate of growth is high. But as the rate of 
growth diminishes and the birds approach maturity, the protein content 
of the ration may be reduced. Work done at different stations on this 
subject indicates that a ration containing 24 per cent protein for the first 
six weeks, 20 per cent for next six weeks, and thereafter reduced to 15 or 
16 per cent, by allowing the birds to choose mash or grain, provides the 
growing turkey with sufficient protein if that protein is of suitable quality. 
Meat scrap, fish meal, dried buttermilk, dried skim milk, and soybean oil 
meal are all suitable protein concentrates for turkey rations. 

Vitamin requirements. Fortunately most of the vitamins needed by 
turkeys can be supplied by feeding natural feed stuffs. (See Chapter 
Nine.) Jukes of the California Agricultural Experiment Station prepared 
the table on pages 613 and 614 on vitamins for turkeys, which appeared in 
the January, 1940 issue of IForW. 

Mineral requirements. Though it is apparent that turkeys must receive 




VITAMINS FOR TURKEYS 


Vitamin 

Symptoms of Deficiency in Turkeys 

How To Supply the Vitamin Economically 
in Turkey Rations 

A 

Slow growth, unthrifty appearance, 
listlessness, watery eyes, nasal 
discharge, white matter in eyes 
and sinuses, high mortality. 

Autopsy shows pustules in mouth 
and esophagus, and white, flaky 
matter in bursa of Fabricius. 

Alfalfa meal of good quality, 8 per 
cent in poult starting mash, and at 
least 8 per cent in all other turkey 
mashes. 

Fresh greens. 

Alfalfa hay, if recently cured. 

Biologically tested fish oils. 

Carotene is the “vegetable form” of 
vitamin A. 


Loss of appetite, failure to grow, 
nervous spasms with head drawn 
back. 

Scratch grains. 

Ground grains. 

Bran. 

(Thiamin) 

Special experimental diets are 
needed to produce the symptoms, 
which are not seen under ordi- 
nary conditions. 

Middlings. 

No danger of deficiency is known to 
exist. 

C 

Not known to be needed by turkeys, which are thought to make their own 
vitamin C, just as chickens are known to do. 

D 

Young birds: Rickets, marked by 
slow growth, soft beak and bones, 
leg weakness, ruffled feathers. 

Later the poults cannot stand, and 
death results. 

Adult females: From results with 
chickens, it may be concluded that 
egg production would be dimin- 
ished and hatchability would be 
lowered. 

Adult males: No symptoms of defi- 
ciency known. 

Direct sunlight is Nature’s source of 
vitamin D. If birds are not re- 
ceiving much direct sunlight, vita- 
min D must be added to the mash 
in the form of biologically tested 
fish oil. 

Poult starting mash, for completely 
confined birds should contain 0.5 
per cent of 400 D fish oil (400 
chick units of vitamin D per gram 
of oil), or a corresponding level of 
oil of a different potency. 

For poults that have a sunporch, 0.3 
per cent is enough. Growing and 
developing mashes need not be 
supplemented with vitamin D in 
sunny weather if the birds are out- 
side. 

The requirements for hatchability 
are unknowm, but the breeding 
mash, if fed with equal parts of 
grain, may well contain 34 
cent of 400 D fish oil. 

E 

Symptoms of deficiency in turkeys 
unknown. Chickens need the 
vitamin for fertility and hatcha- 
bility, but vitamin E deficiency is 
extremely difficult to produce. 

Fresh greens, alfalfa meal, grains and 
grain by-products. It has not been 
shown that a deficiency of this 
vitamin exists in rations ordinarily 
fed to turkeys. 



VITAMINS FOR TURKEYS (contM.) 


Vitamin 

Symptoms of Deficiency in Turkeys 

How To Supply the Vitamin Economically 
in Turkey Rations 

G 

Vitamin G is now known to consist 
of several factors. Two of these 
have been shown to be needed by 
turkeys — riboflavin and the fil- 
trate factor (pantothenic acid). 

Riboflavin deficiency in poults re- 
sults in slow growth and derma- 
titis, encrustations at corners of 
mouth, stuck eyelids, ragged fea- 
thers, and diarrhea. The defi- 
ciency in adult turkeys produces 
low hatchability. 

Filtrate factor deficiency in poults 
results in slow growth and high 
mortality. The defi.ciency has not 
been studied in adult poultry, but 
the amount needed in a breeding 
ration for chickens is less than the 
amount needed in a starting mash. 

Two other factors of vitamin G are vi 
acid has not been demonstrated to 
needed by chicks, but has not b 
quantities of vitamin Be and nicoti: 
ordinary rations. 

Riboflavin is best supplied by fresh 
and dried greens, alfalfa meal, 
dried milk, and dried whey. A 
poult starting mash containing 8 
per cent of alfalfa meal and 5 per 
cent of dried milk or dried whey 
will supply the complete riboflavin 
requirement of poults. Poults 
need about 270 micrograms of 
riboflavin per 100 grams of feed. 
This corresponds to about 1200 
micro grams per pound. 

Ordinarily a ration containing 10% 
bran, 8% alfalfa meal and 5 % 
dried milk or dried whey will 
supply enough filtrate factor. 

tamin Be and nicotinic acid. Nicotinic 
• be needed by poultry. Vitamin Be is 
een studied with turkeys. Sufficient 
nic acid are almost certainly present in 

K 

A bird deficient in vitamin K is ap- 
parently normal, but the blood 
will not clot. 

Fresh and dried greens are very rich 
in vitamin K. No danger of defi- 
ciency exists. 

Gizzard 

Factor 

Erosions in the gizzard lining. 

Alfalfa meal, wheat bran, fresh 
greens, and rice bran supply the 
factor. Granite grit helps to re- 
duce the incidence of gizzard 
erosions in chicks. 

Other 

Vitamins 

Other vitamins are known to be 
needed. These are present in 
, commonly used feeding stufiFs such 
as grains and green leaves. 

Feed a well-balanced ration which is 
known to produce good results. 
Avoid unusual and untried rations. 
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in their rations all of the mineral elements necessary to sustain life and 
stimulate normal development, it is equally apparent that these elements 
are present in sufficient quantities in otherwise well-balanced rations if 
the birds have access to range so that no special mineral supplements are 
needed. For proof of this, witness the turkeys raised by a turkey hen on 
range. The principal mineral elements needed by turkeys are calcium, 
phosphorus, sodium, chlorine, manganese, iron, iodine, potassium, and 
magnesium. But even under the conditions of commercial production, 
only the first five of these need be fed as special supplements. Bone meal 
supplies calcium and phosphorus, salt supplies sodium and chlorine, and 
manganese sulphate may be used as a source of manganese. These should 
be incorporated in the mash as indicated by mash mixtures suggested in 
this chapter. (For a more detailed discussion of minerals see Chapters 
Nine and Ten.) 

Energy requirements. Normal body activity and functions require 
energy for maintenance, growth, and egg production. Fats, proteins, and 
carbohydrates may serve as sources of energy. Such carbonaceous feeds 
as the grains are the principal sources of heat and energy in the ration. 

Water requirement. Water is one of the most important nutrients for 
animal life. It constitutes by weight more than 50 per cent of the young 
growing turkey, makes digestion and absorption possible, is an important 
constituent of the blood and lymph and thereby serves as a carrier of the 


Table 101 


RATIO OF MASH CONSUMPTION TO GRAIN CONSUMED BY GROWING TURKEYS 


Proportion of Mash to Scratch Consumed During the Brooding and Rearing Period 


^ o w 

S H 
« o 

< ^ 

1-4 

Weeks 

S-8 

Weeks 

9-12 

Weeks 

13-16 

Weeks 

17-20 

Weeks 

21-24 

Weeks 

25-28 

Weeks 

29-32 

Weeks 

1-24 

Weeks 

1-28 

Weeks 

1-32 

Weeks 

9-28 

Weeks 

18 

96:4 

97:3 

90:10 

97:3 

90:10 

67:33 

39:61 


8S:1S 

74:26 


77:23 

20 

94:6 

97:3 

87:13 

87:13 

71:29 

46:54 

30:70 


72:28 

61:39 


64:36 

22 

92:8 

94:6 

85:15 

89:11 

67:33 

47:53 

30:70 

24:76 

72:28 

62:38 

54:46 

64:36 

24 

84:16 

88:12 

74:26 

i 77:23 

65:35 

48:52 

30:70 

20:80 

67:33 

58:42 

54:46 

59:41 

26 

91:9 

86:14 

79:21 

77:23 

61:39 

39:61 

27:73 


63:37 

54:46 


57:43 

28 

87:13 

82:18 

72:28 

70:30 

54:46 

33:67 

25:75 


57:43 

49:51 


51:49 

30 

84:16 

81:19 

70:30 

63:37 

48:52 

28:72 

26:74 


53:47 

46:54 


47:53 


^ From Turkey Management, by Marsden and Martin, 1939. By permission of The Inter- 
state Printers and Publishers. 
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Fig. 226. The amount of feed consumed per month by growing Bronze turkeys. 
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COURTESY MISSOURI AORICULTURAL EXPERIMENT STATION 


Fig. 227, The pounds of feed required to produce one pound of gain by Bronze turkeys. 

nutrients and waste products of the body, and it aids the body in tempera- 
ture regulation by providing a means of evaporation. 

Feed consumption of turkeys. The feed consumption of growing 
turkeys increases from about one and one-half pounds per bird during the 
first month (four weeks) to approximately twenty pounds during the 
seventh month. The total consumption of mash and grain per bird per 
month for turkeys completely confined is shown by Figure 226. The 
proportion of mash and grain which turkeys will consume, if they have 
their choice, varies with the protein content of the mash (Table 101). 
Evidently turkeys as well as chickens have the ability to choose feeds which 
satisfy their requirements at a particular stage of development. 


] 
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Efficiency of gains made by turkeys. Turkeys are efficient meat-pro- 
ducing animals. During the first twelve weeks of their lives, turkeys will 
increase their body weight by one pound for each three pounds or less of 
feed consumed (Fig. 227). After the third month, the feed required to 
produce a pound of gain increases rapidly, rising to above seven pounds 
during the seventh month and as much as ten pounds for the eighth 
month. The turkey producer is interested in the amount of feed required 
to produce a pound of marketable turkey. Since most turkeys are in 
market condition by the twenty-fourth to twenty-eighth week of age, feed 
requirements calculated to that age give the information desired by the 
producer. Table 102 shows the feed (mash and grain) required to produce 

Table 102 

FEED REQUIRED TO PRODUCE ONE POUND OF TURKEY 
MEAT IN BRONZE TURKEYS RAISED IN COMPLETE 
CONFINEMENT TO TWENTY-EIGHT WEEKS OF AGE AT 
THE MISSOURI AGRICULTURAL EXPERIMENT STATION 


Lots 

1936 

1937 

1 

4.7 

4.9 

2 

4.8 

5.2 

3 

4.7 

5.3 


one pound of gain with Bronze turkeys raised in complete confinement to 
twenty-eight weeks of age. Turkeys raised on range where there is grow- 
ing green feed would consume less mash and grain per pound of gain be- 
cause they would consume considerable quantities of green feed and in- 
sects. Results reported by the Indiana and the Oregon Agricultural Ex- 
periment Stations show that male turkeys utilize feed more efficiently than 
female turkeys from the eighteenth to twenty-eighth weeks (Indiana) and 
twenty to thirty-two weeks (Oregon). 

In studies which have been made at the Missouri Station, it has been 
found that males make more efficient gains than females after the 16th 
week of age and that from 17 to 30 weeks of age the males require both 
less protein and carbonaceous nutrients per pound of gain than are re- 
quired by females during the same period. These data are of course 
limited to the periods covered. 

Rations for growing turkeys. To promote satisfactory growth in tur- 
keys the rations must satisfy the nutritive requirements previously dis- 
cussed. Fortunately these requirements can normally be satisfied with 
simple mixtures, if the turkeys have access to range where there is grow- 
ing green feed. A ration used at the Missouri Agricultural Experiment 



TURKEY PRODUCTION AND MANAGEMENT 


619 


Station for starting poults which has given satisfactory results for poults 
grown in complete confinement and on range is as follows : 


Feedstuff 

Yellow corn meal 

Wheat bran 

Wheat shorts . . . . 
Alfalfa leaf meal . 

Meat scrap 

Soybean oil meal. 
Dried buttermilk. 

Cod liver oil 

Salt. 


Lbs. 

42 

IS 

10 

5 

10 

10 

5 

2 

1 


This ration may be kept in feeders before the poults, from the time they 
are placed in the brooders until they are marketed. By placing whole 
yellow corn in hoppers before the turkeys after they are twelve weeks old, 
they have an opportunity to choose a ration which suits their needs. Dur- 
ing the first few weeks the poults will consume very little grain; but as 
they grow older and their protein requirements decrease, they increase 
their consumption of grain. Just before marketing time, particularly in 
cold weather, they will shift quite largely to the grains. 

For those growers who desire to change their turkeys from a starting* 
ration to a growing ration at ten or twelve weeks of age, the Missouri 
Agricultural Extension Service (1940) recommended the following grow- 
ing and finishing mashes: 


Ingredient 

Mixtures 

1 

2 

3 

Yellow corn meal 

100 

100 


Pulverized barley or kafRr 



ioo 

Wheat bran or ground oats 

70 

70 

50 

Shorts or ground wheat 

100 

100 

100 

Alfalfa leaf meal 

30 

30 

50 

Meat scrap (55% protein) 

40 

60 

40 

Soybean oil meal 

30 


30 

Dried milk (buttermilk or skim milk) 

20 

20 

20 

Salt........ 

4 

4 

4 


With this mash they recommend the hopper feeding of yellow corn or 
a mixture of yellow corn, wheat, and oats. 

The Kansas Agricultural Experiment Station has recently recommended 
a simplified feeding program for both turkeys and chickens. They recom- 
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mend an all-purpose mash which can be used for feeding chickens and 
turkeys of all ages. 

The United States Department of Agriculture recommends the follow- 
ing rations for starting and growing turkeys : 


STARTING RATIONS 


Ingredient 

Mix 

1 

tures 

2 

Ground yellow corn 

21 

15 

Wheat bran 

7 

10 

Wheat middlings 

21 

12 

Pulverized oats 

14 

20 

Alfalfa leaf meal (preferably dehydrated) 

7 

10 

Meat scrap 

7 i 

7 

Fish meal 

' 14 i 

7 

Dried milk 

7 

7 

Corn gluten meal or soybean oil meal 


10 

Salt 



Cod liver oil 


m 


100 

100 


These mashes, along with chick-size scratch grain beginning at one or 
two weeks of age, and water to drink, constitute a complete diet. Finely 
cut fresh tender green feed may, if desired, be fed once or twice daily. 

The use of concentrates. Within recent years and when protein sup- 
plements are plentiful, there has developed a system of feeding turkeys 
whereby mashes containing high percentages of protein are hopper-fed in 
conjunction with grains such as corn, oats, and wheat, thus giving the 
growing turkeys an opportunity to choose and balance their ration. The 
Washington Station found this system of feeding to be efficient and eco- 
nomical. However, work at the Missouri Station showed that turkeys 
having access to mashes containing 22, 27, 31, and 39 per cent of protein 
and yellow corn and oats made less efficient use of protein and more 
expensive gains as the protein content of the mash was increased. The 
inconsistency between the Washington and Missouri results can possibly 
be explained by differences in climate. Under Missouri conditions turkeys 
consume relatively small amounts of grain during hot weather and, there- 
fore, consume more of the high protein mash than is necessary for most 
economical results. 

Marketing Turkeys 

Since turkey production is highly seasonal and the producing areas are 
located far from the largest cities, the marketing of turkeys constitutes a 
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GROWING RATIONS 


Ingredient 

I Turkeys On Range 

Turkeys 

1 

2 

In Confinement 

Ground yellow corn 

42 

SO 

20 

Wheat bran 

10 

10 

10 

Wheat middlings 

15 

20 

IS 

Soybean oil meal 

26 


10 

Meat scrap 


1*9 

s 

Steamed bone meal 

4 


2 

Ground oyster shell 

2 


2 

Salt. 

1 

*1 

1 

Pulverized oats 



15 

Alfalfa leaf meal, dehydrated 



10 

Dried milk 



10 


100 

100 

100 


major problem and sometimes taxes the facilities of the existing mar- 
keting agencies. 

Seasonal production. The turkey remains primarily a holiday bird; 
and fortunately, conditions in the major producing areas are such that the 
bulk of the turkey crop can be matured and finished most economically 
for the Thanksgiving and Christmas markets. While turkeys can be 
grown for marketing during any month of the year, climatic conditions 
in the United States are most favorable for producing a turkey crop for 
marketing late in the fall and during the winter. Most of the turkeys 
consumed out of this natural marketing season are dressed birds which 
have been held under refrigeration. The quality of these birds is usually 
superior to the freshly killed turkeys at that time. The proportion of the 
turkey crop marketed by months varies somewhat from year to year. If 
turkey prices advance from Thanksgiving to Christmas, the following 
fall there is a tendency for the producers to hold turkeys for the Christmas 
market. If warm weather prevails during the fall months in the large 
producing areas, the birds will be slow in finishing, and therefore a larger 
proportion of the crop will be marketed late. Table 103, which shows the 
proportion of turkeys marketed in 1938 by months and the intention 
(Sept. 1, 1939) of the growers in marketing their 1939 crop, indicates that 
more than 75 per cent of the turkey crop is marketed during November 
and December. This table also shows that some regions tend to market 
more turkeys early while others market their turkeys late. While there 
has been a tendency to spread turkey production throughout the year, the 
great bulk of the crop will very likely continue to be marketed during 
November and December, 
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Table 103 

PROPORTION OF TURKEY CROP MARKETED IN DIFFERENT MONTHS ® 


1939 Crop (Intended) 1938 Crop 


Geographic 

Divisions 

Oct. or 
Earlier 

Nov. 

i 

Dec. 

Jan. or 
Later 

Oct. or 
Earlier 

Nov. 

Dec. 

Jan. or 
Later 

North Atlantic 

8.1 

1 

41.7 

36.6 

Per Cent 

13.6 6.3 

45.5 

37.1 i 

11.1 

East North Central . . . 

13.3 

41.0 

37.9 

7.8 

8.5 

45.4 

39.6 1 

6.5 

West North Central. . . 

18.0 

37.7 

34.2 

[ 

10.1 

16.1 

40.0 

33.9 

10.0 

South Atlantic 

17.8 

j 32.2 

i 36.7 

13.3 

13.3 

36.6 

37.3 

12.8 

South Central ........ 

4.1 

; 41.9 

46.5 

7.5 

2.9 

48.5 

42.7 

5.9 

Western 

10.9 

32.8 

37.3 

19.0 

9.5 

32.7 

37.7 

20.1 

United States 

12.1 

37.6 

38.4 

11.9 

10.0 

40.8 

37.8 

11.4 


Turkey production and consumption in the United States. In recent 
years turkey production in the United States has increased greatly. From 
1929 to 1939 the turkey population o£ the United States increased twice as 
rapidly as the human population. Table 104 shows that the number o£ 
turkeys raised almost doubled and that the size o£ the birds increased so 

Table 104 


TURKEY PRODUCTION AND CONSUMPTION FOR THE 

UNITED STATES, 1929-39 ® 



j Number OF 

Average 

Total 

Pounds per Capita 


Produced 

Bird in Pounds 

Produced 

j Production 

Consumption 

1929 

16,536,000 

13.2 

218,275,200 

1.8 

1.8 

1930 

16,253,000 

13.4 

217,790,200 

1.8 

1.9 

1931 

17,493,000 

13.6 

237,904,800 

1.9 

1,8 

1932 

21,928,000 

13.8 

302,606,400 

2.4 

2.3 

1933 

22,827,000 

14.0 

319,578,000 

2.5 

2.6 

1934 

21,334,000 

14.3 

305,076,200 

2.4 

2.5 

1935 

20,308,000 

14.5 

294,466,000 

2.3 i 

2.3 

1936 

27,424,000 

14.7 

403,132,800 

3.1 

2.9 

1937 

25,308,000 

14.8 

374,558,400 

2.9 1 

3.0 

1938 

25,968,000 

14.8 

384,326,400 

3.0 1 

2.9 

1939 

31,650,000 

15.0 

474,750,000 

3.6 , . 



*A11ow 8_ for annual changes in farm inventory, cold storage holdings, and foreign trade. 

^ ^ Preliminary, based on September 1 farm holdings of turkeys and approximate census trend in human popula- 
tion.^ 

(Figures prepared by Agricultural Marketing Service, U. S. D. A.) 



® Data from U. S. D. A. 

® From Turkey World, January, 1940. 



courtesy “TURKEY WORLD” 

Fig. 228. Turkey production is an important industry in many states. Nine thousand turkeys 
on the Rahns Turkey Farm/ Mountain Lake/ Minnesota. 

that the total quantity produced was more than doubled and the per 
capita production in 1939 was 100 per cent higher than in 1929. 

Selecting birds for market. Many turkey growers sell their entire crop 
at one time and sometimes before all the birds are ready for marketing* 
Birds lacking finish or having immature plumage should be held until 
they will dress into good market specimens. Only fat turkeys free from 
pinfeathers command the best prices. Immature turkeys lacking finish 
are frequently sent to market, where they sell for less than the cost of 
producing them. If these birds had been kept by the producer until they 
were mature and finished they would have commanded higher prices and 
returned a profit to the grower. While it is more difficult to grade live 
turkeys than the dressed birds, an experienced turkey raiser can select 
those birds which are finished. The birds which are ready for market 
have mature plumage; they are well fleshed, as shown by a well-covered 
breast, pinbones, and back; and they are well covered with fat, as shown 
by a light cream-colored skin on the breast. Some turkeys, such as those 
with extremely crooked breast bones and deformed backs, should be used 
at home instead of being sent to niarket. By selecting for market only 
those birds which are finished, the grower can increase his net returns 
from turkey raising. 

Catching market turkeys. The producers of turkeys lose thousands of 
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Fig. 229. Catching/ grading, and loading chute. 

dollars annually because of bruised carcasses resulting from improper ham 
dling while the birds are being caught and cooped. Much of this damage 
can be avoided by the use of some simple equipment and by handling the 
birds carefully. For small flocks the best procedure seems to be to drive 
a few birds at a time into a small pen and -pick the birds up by grasping 
them by the wings near the body, instead of grabbing them by the legs 
and throwing the birds on the floor or ground and thereby bruising the 
breast. 

Where large flocks are raised (Fig. 228), a catching chute is indispen- 
sable. Figure 229 shows a movable catching chute. The birds can be 
driven into such a chute and rapidly caught without bruising or otherwise 
damaging the turkeys. Producers who have changed to the use of the 
catching chute from less efficient methods report a marked improvement 
in the quality of the birds they market, because bruises have been prac- 
tically eliminated. 


Methods Used in Marketing Turkeys 

Turkeys are sold by producers direct to consumers, to local buyers, and 
to commission merchants, in cooperative pools and through packers on a 
custom dressing basis. 

Direct marketing. Since most turkeys are raised far from the large 
centers of population, only a very small percentage of the turkey crop is 
sold by the producer to the consumer. However,, in some cases very 
profitable outlets have been developed by producers who sell dressed tur- 
keys direct to the consumers. Such direct sales necessitate the dressing of 
the birds by the producer or custom dressing at a local killing plant. Some 
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producers have developed a mail-order business and ship the dressed tur- 
keys by parcel post or express. 

Local buyers. In the Middle West, most of the turkeys are sold alive to 
the local buyers, either private or cooperative, who represent the central 
packing plants. The birds are trucked to these central plants where they 
are killed and otherwise prepared for market. Storekeepers who were 
once important purchasers of both dressed and live turkeys are no longer 
important marketing agencies. Local poultry buyers who purchase both 
poultry and eggs purchase turkeys from the nearby producers and send 
them to the concentration packing plants. 

Commission merchants. Both live and dressed turkeys are consigned to 
commission men in the large city markets by small producers located 
where there are few or no local buyers. With the development of better 
highways which increase the scope of the local buyers’ activities, this 
method of selling turkeys continues to decrease. Commission men and 
wholesale receivers continue to receive large quantities of turkeys both 
live and dressed in car-lot shipments which come from large producers 
and country buyers. 

Cooperative pools. Cooperative marketing of turkeys has developed 
most in the northwestern states of Colorado, Wyoming, Utah, Nevada, 
Montana, Idaho, Washington, and Oregon. Cooperative efforts were first 
directed to local pools where the producers assembled their turkeys and 
sold to the highest bidder. While these pools still exist, most of them in 
the Northwest have been organized into a regional association, known as 
the Northwest Turkey Growers Association. This regional association 
serves as the cooperative sales agency for the turkey growers of the North- 
west who desire to market their turkeys cooperatively. The association 
sells annually more than 10,000,000 pounds of dressed turkeys. Their 
volume and territory served are both increasing. 

Custom dressing by packers. In some areas, notably the Northwest, 
the poultry packers in conjunction with the producers have developed a 
plan of marketing turkeys in which the packer acts as a selling agent for 
the producer, rendering the necessary marketing services at a fixed service 
charge. The producer may be given part payment for the turkeys when 
they are delivered and the balance when final returns are received. Such 
a plan appears to give the producer some of the advantages of cooperative 
membership without his joining a cooperative. 

Killing and dressing turkeys. Turkeys are killed by sticking and bleed- 
ing. Removal of the feathers may be accomplished by dry picking, semi- 
scalding, or hard scalding. Dry picking is the method most generally 
used by the producer. Wax picking, once quite generally used in commer- 
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dal paddng plants, has been replaced largely by picking machines. A 
description of these different methods is given in Chapter Thirteen. 

Home or packing plant dressing. Whether turkeys shall be dressed on 
the producer’s, place or in the packing plant depends upon the section of 
the country where the turkeys are raised. If suitable packing plant facili- 
ties are available, as in most sections of the Middle West, the most eiEcient 
procedure is to have the turkeys dressed in these plants. They not only 
have adequate facilities and trained men for killing and dressing but they 
also have suitable refrigeration. Home dressing can be used where the 
weather is cool or markets are nearby. It has the advantage of teaching 
the producer the relationship between the condition of the live turkey and 
the dressed market bird. Unless he sees his low-grade birds after they are 
dressed it is difScult to show the producer that his birds are really inferior. 
This method of dressing is used quite generally in the Northwest. 

Loss in dressing. The loss in weight from (1) fasting, (2) slaughtering, 
dry picking, and overnight chilling, and (3) full drawing of Bronze tur- 
keys was reported by Marsden in 1937. A summary of these results is 
given in Table 105. Marsden’s results also showed that large turkeys lose 
slightly less (in percentage loss) than do small turkeys. 

Table 105 


PERCENTAGE LOSS IN WEIGHT OF YOUNG BRONZE TURKEYS AS REPORTED 

BY MARSDEN, U. S. D. A., 1937 



Overnight 

Fasting 

Slaughtering, 

Dry Picking, and 
Chilling 

Full 

Drawing 

Total Loss Due to 
Killing, Dressing, 
and Full Drawing 


No, Birds 

Loss 

No. Birds 

Loss 



Young males 

155 

3.33 

32 

10.00 

14.65 

23.18 

Young females. . 

85 

3.32 

33 

! 

9.54 

15.39 

23.47 


For estimating prices for blood- and feather-dressed turkeys and for full- 
drawn birds, the producer may assume that for each 100 pounds of live 
turkey there would be 90 pounds after blood and feather dressing and only 
about 75 pounds after the birds were full drawn. This loss in weight plus 
the cost of dressing and drawing would have to be charged to the dressed 
and drawn birds. 

Cooling. Failure to properly cool dressed turkeys results in lower qual- 
ity, and sometimes the birds become unfit for food. The internal body 
temperature of the birds should be lowered to at least 36° F. before they 
are packed in boxes. This will require from twelve to twenty-four hours 
in the cooler after dressing. Turkeys killed for immediate consumption 
may be cooled in ice water, but birds prepared for distant markets must be 


Table 106 


SPECIFICATIONS FOR TENTATIVE U. S. STANDARDS FOR GRADES FOR 
DRESSED YOUNG HEN TURKEYS (APRIL, 1943 ) 


U. S. Grades 

Quality Specifications for Individual Birds 

U. S. Grade AA 

Young, fine-grained, soft-meated female bird, with broad full-fleshed 
breast extending well back to the rear of the bird, with the breast 
flat across the top rather than pointed. The entire carcass fully 
covered with fat. Must be fully bled, extra well dressed and free 
of pinfeathers. No flesh bruises allowed; and only very slight skjn 
abrasions, bruises, or discolorations permitted, none of which shall 
be on the breast. Slightly dented breast bone (not to exceed y% inch 
in depth) permitted but no crooked breast or other deformities 
allowed. No open tears or sewn skin permitted. A broken or dis- 
joined wing or a broken or disjoined leg not permitted. Must be 
dry picked or semi-scalded and must be dry packed. 

U. S. Grade A 

Young, soft-meated female bird, with well-fleshed breast, and with 
entire carcass well covered with fat. Must be well bled, well dressed, 
and practically free of pinfeathers, especially on the breast. Only 
slight flesh or skin bruises, abrasions, or discolorations permitted, 
with breast practically free of such defects. Slightly dented breast 
bone (not to exceed 34 inch) permitted. Slightly curved, but no 
crooked breast permitted. Must be free from deformities. Broken 
wings above the wing tips or broken legs not permitted. A disjointed 
leg or wing permitted if only slightly bruised. Bird with crop 
properly 'hashed out or properly removed may be included in this 
grade. No torn skin permitted. No sewn skin permitted on the 
breast or fleshy part of the carcass, and only slight tears, sewn, 
permitted on the back. Must be dry picked or semi-scalded. 

U. S. Grade B 

Young female bird, with fairly well-fleshed breast, and with carcass 
fairly well covered with fat. Must be fairly well bled and dressed 
and may show scattered pinfeathers over the entire carcass. Slight 
flesh or skin bruises permitted but not more than three such defects 
if on the breast. .Fairly numerous skin abrasions or discolorations 
permitted. Abrasions or tears over 3 inches in length, on the 
fleshy parts of the carcass, not permitted unless properly sewn. 
Slight open tears less than 3 inches in length may be permitted if 
on the back or over the back of wings. Dented or slightly crooked 
breast bone or other slight deformities permitted. One broken wing 
or one broken leg permitted if bone does not protrude through the 
flesh and if not showing excessive bruise or blood clot. 

U. S. Grade C 

Young female bird which may be poorly fleshed and with carcass 
poorly covered with fat. May show evidence of poor bleeding and 
have numerous pinfeathers over the entire carcass. Numerous skin 
abrasions and discolorations permitted. Hunchback or other 
deformities allowed, if bird is fairly well fleshed. Open tears per- 
mitted in skin. Broken bones or bird badly bruised so as to make 
any appreciable part of the carcass inedible not permitted. Bird 
showing emaciation or external evidence of disease or other condi- 
tion which renders it unwholesome or unfit for human food not 
permitted. 
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U. S. D. A. 

Fig. 230. Grades for dressed turkeys as proposed by the marketing service of the U. S. D. A. 
Left to rights U. S. Commercial, U. S. Choice, U. S. Prime, and U. S. Special. 

air-chilled. Government graders are not permitted to grade turkeys unless 
the birds have been pre-cooled to 36°F. or the grader supervises the cooling 
after grading. 

Grades and grading. Buyers in central markets do not merely want 
turkeySj but they want turkeys of specific quality and size. To sell turkeys 
in these markets, to the best advantage, the birds must be sold by grade. 
The United States Department of Agriculture has proposed tentative 
grades for dressed turkeys. Table 106 gives the revised specifications for 
young dressed hen turkeys as recommended by the Bureau of Agricultural 
Economics, U. S. D. A., July, 1938. The bureau estimated in 1938 that 
approximately 30,000,000 pounds of dressed turkeys were graded according 
to government grades annually (Fig. 230). 

Packing. Until recently, barrels were used quite generally for par king ' 
turkeys but boxes are now replacing barrels. The lightweight, wire-bound 
veneer wood box, made to hold six to eight birds in a single layer packed 
breast up or side pack is a popular package. Boxes of suitable sizes are 
prepared by specialized manufacturers and should be purchased from 
them. Boxes should be lined with parchment or waxed paper and the 
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Fig. 231. A dressed turkey attractively displayed. 

birds should be arranged and decorated to display them to best advantage. 
Special wrappers made out o£ parchment paper and cellophane are being 
used to wrap full-drawn birds (Fig. 231). 

Shipping turkeys. Both live and dressed turkeys are shipped to the 
central markets. Live turkeys, usually coming on the large eastern mar- 
kets, are from nearby producing areas; but some live birds are shipped to 
New York City from the Middle West and Southwest. Most of the 
nearby turkeys are moved by truck, but those from more distant sections 
are shipped in live-poultry cars (Fig. 175). Dressed turkeys as packed in 
boxes or barrels are shipped in refrigerated cars holding from 20,000 to 30,- 
000 pounds. These cars should be iced with ice mixed with 10 or 15 per 
cent of salt so that the temperature of the car will be near or below freez- 
ing. The car should be carefully braced to prevent shifting of boxes. 


Cost of Producing Turkeys 

The cost of producing turkeys influences greatly the profits derived from 
this business. Since feed cost is the most important item in the cost of 
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producing turkeys, the turkey 
grower should reduce this cost 
item to a minimum by using the 
most economical rations consist- 
ent with satisfactory growth and 
development. The distribution 
of costs in producing and mar- 
keting turkeys as reported by the 
Maryland Agricultural Experi- 
ment Station for 147 turkey 
farms, 1931-32, is shown in Fig- 
ure 232. 

Diseases and Parasites 

The prevention and control of 
diseases and parasites is necessary 
if turkey raising is to be profit- 
able. Major shifts of the industry have occurred because of the ravages of 
disease. Turkey raising, once an important industry in the East and Mid- 
dle West, was almost completely abandoned in many areas because of 
losses from blackhead. The industry shifted to the West and Southwest 
where climatic conditions were more favorable for the control of black- 
head. New discoveries made in recent years on the prevention and control 
of blackhead have made turkey raising again profitable in the East and 
Middle West, and the industry appears to be shifting to those areas which 
are nearer the principal markets. 

The control of turkey diseases and parasites depends primarily on sanita- 
tion. The essentials of a sanitation program for raising turkeys may be 
briefly summarized as follows: Grow clean poults in clean houses with 
clean feed and water, and maintain clean range where the poults are 
raised. Such a program implies much but it will insure healthy turkeys. 

If an outbreak of disease occurs, someone properly trained and familiar 
with the diseases of turkeys should be consulted at once. The veterinary 
departments of the state colleges of agriculture and state departments of 
agriculture are generally equipped to diagnose turkey diseases and advise 
as to the control measures which should be applied. 

Sanitation and disease prevention. The prevention of disease in turkeys 
depends on the program of sanitation followed by the grower. The New 
Hampshire Agricultural Experiment Station has outlined the following 
program for the growing of healthy turkeys: 



Fig. 232. Percentage distribution of costs of 
producing and marketing turkeys. (Maryland 
Agricultural Experiment Station Bulletin 355, 
1933.) 
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New Hampshire Grow Healthy Poult Program 

To reduce the mortality in rearing poults, to grow turkeys that are healthy, 
thrifty and free from disease, and that will make a good profit for the owner, 
the following practices are recommended. 

Clean Poults 

1. Healthy, disease-free poults. 

2. From stock which has demonstrated ability to produce thrifty, healthy, 
vigorous birds. 

3. Hatched from clean eggs and in clean incubators. 

4. Purchased from a reliable breeder. 

Clean Brooder Houses 

1. Clean, scrape and scrub. (If desired, hot water and lye, one 13-ounce can 
to 5 gallons of water, may be used.) 

2. Use reliable disinfectants. 

3. Clean thoroughly all equipment used for brooding. 

4. Do all cleaning of brooder houses before moving to clean range. 

5. The use of wire sun porches is recommended. 

Clean Ground 

1. Land not contaminated by drainage water or poultry manure. 

2. Land not used by poultry for three years or more. 

3. Land as far from previous range as possible. 

4. A sodded range is desirable. 

Clean Litter 

1. Change litter at least once each week as long as poults are confined to 
brooder house. (Exception — ^highly absorbent commercial litters usually 
are not changed during brooding period.) 

2. Keep litter as dry and clean as possible at all times. 

3. Use a , dry, clean, inexpensive litter. 

4. If a wire platform is used inside or outside of house, it must be thoroughly 
cleaned as regularly as the brooder house itself. 

Clean Peed and Water 

1. Use platform and keep area dry beneath water fountains. 

2. Place all feed and water dishes on wire platforms inside house. 

3. On range, move all hoppers to clean spot each week. 

4. Use a good standard feed mixture. 

5. Start poults on mash at least by the time they are 48 hours old. 

6. Place feed on egg cup flat for first two days and feed often. 
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7. Feed in hoppers from the third day on, having feed continuously before 
poults. 

8. Clean scratch feed in hoppers after 16 weeks. 

9. Hard grain should be hopper-fed. 

Clem Management 

1. Maintain a quarantine between old and young stock, also from other 
poultry. 

2. Avoid crowding, chilling and overheating. 

3. Teach poults to range by moving feed containers regularly. 

4. Encourage early roosting. 

5. Move to clean range when disease threatens. 

6. Allow one square foot of floor space per poult. Not over 150 to be started 
under one hover. 

7. Number of poults should be reduced when their growth or limited floor 
space causes crowding and dirty house. 

8. Confine poults to house for four weeks. Allow range on wire platforms 
in front of the brooder house after this time. 

9. Avoid wet area around the water fountains. 

10. Provide sufficient shade on range. A corn or sunflower field is ideal if 
natural shade is not available. Avoid a dense shade. If no other shade 
is available, construct a frame and place some boards or burlaps sacks on 
it. This frame should be moved at regular intervals. 

Blackhead. This disease probably causes greater losses in turkeys than 
all other diseases (Fig. 233). It is caused by a protozoan organism which 
may be carried by either chickens or turkeys. The blackhead organism 
will live only a few hours outside the fowl’s body unless contained within 
cecal worm eggs, in which case it may survive and remain infectious for 
turkeys for several months. Young turkeys less than three months old 
are most susceptible to attacks of this disease. The disease affects the liver 
and the most noticeable symptom, found when turkeys having blackhead 
are killed and examined, is an enlarged liver covered with sunken ulcer- 
like areas, as shown in Figure 234. No satisfactory medical treatment has 
as yet been found for this disease. Poults raised by artificial methods, 
away from chickens and old turkeys on ground where neither turkeys nor 
chickens have ranged or their droppings have been spread during the past 
two years, seldom suffer from blackhead. If an outbreak of blackhead 
occurs, the best program to follow appears to be as follows: (1) Remove 
all sick birds from the flock, and either kill or confine these birds away 
from the healthy birds; (2) clean the houses, thoroughly scrubbing them 
with hot lye water; (3) if convenient, confine the flocks to houses and 
wire-floored sun porches for several days, cleaning the house daily; and 
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Fig. 233. Life cycle of Histomonas meleagridis, the parasite causing blackhead in turkeys. 

(4) move the healthy birds to clean range. If the birds are too large to be 
confined in brooder houses, they may be moved directly to clean range. 

Pullonim disease. Turkeys have probably been infected with pullorum 
disease by their association with chickens. Many flocks of turkeys are, as 
yet, free of the disease and until recent years very few reactors were found 
in turkeys. It has been shown that poults hatched in incubators with 
chickens which have pullorum disease also suffer outbreaks of this disease. 

Turkeys which have pullorum disease may be detected by the tube ag- 
glutination test. A rapid antigen test has not been developed for satisfac- 
torily determining turkey reactors having pullorum disease. 
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Fig. 234. The liver of a turkey v/hich died of blackhead. 


This disease in turkeys can be controlled by testing the breeding stock 
with the tube agglutination test and removing all reactors to the disease, 
. then incubating the eggs either away from chicken eggs or only in incu- 
bators where chicken eggs from flocks tested for pullorum disease are 
hatched. 

Lice. Lice seldom cause trouble when turkeys are hatched and brooded 
artificially, but when hens are used severe losses may occur. Hens used for 
hatching or brooding turkeys should be carefully deloused so that when 
they come in contact with the poults they will be free of all lice. The 
control of lice requires only a small amount of effort on the part of the 
caretaker and losses from lice are a reflection on the care the turkeys have 
received. By dusting the hens twice at ten-day intervals with sodium 
fluoride, alllice can be destroyed. 
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Coccidiosis. Though turkeys do develop coccidiosis, they are not so 
susceptible to this disease as are chickens. Methods of control and the 
symptoms of the disease are quite similar to those described for chickens. 
(See Chapter Eleven.) The organism causing coccidiosis in chickens does 
not cause coccidiosis in turkeys, and vice versa. The most effective method 
of control appears to be daily cleaning for several days after an outbreak 
of coccidiosis so that the organisms cannot undergo the twenty-four-hour 
incubation period outside of the body of the turkey which is necessary for 
them to become infectious. 

Trichomoniasis. This disease, because the symptoms are somewhat 
similar, may be confused with coccidiosis. It is only within recent years 
that trichomoniasis has been recognized as a distinct disease of turkeys and 
the causative organism identified. This disease usually affects poults 
from six to ten weeks of age. The most common symptoms are listlessness 
and yellow, foamy, and semi-liquid droppings. The California Agricul- 
tural Experiment Station in 1937 made the following recommendations 
for the prevention and control of this disease. 

• 1. Avoid all contact of poults with chickens and adult turkeys. 

2. Brood by artificial means on new ground or with brooder equipment 
having cement floor or wire platforms in both the houses and yards. 
Purchase, if possible, the entire brood at one time and early in the season. 

3. Use a sane, sound management program. The brand of feed is of little 
importance. If the feeding method used in previous years was successful, 
stick to it. 

4. Keep visitors out of the brooding pens. 

5. Do not visit the turkey yards of any other grower. Discuss your problems 
with him on the street corner or at his home, not in his turkey yard. 

6. If disease breaks out, get an accurate diagnosis. Send or take some of the 
sick specimens to a diagnostic laboratory, and do not accept a field diagnosis 
until it has been confirmed by the laboratory. 

7. Avoid all drastic treatment until the laboratory diagnostic report is re- 
ceived. The treatment should then be based on the laboratory findings. 

Other diseases and parasites. Turkeys are afflicted with many of the 
other diseases and parasites of chicken which are described in Chapter 
Eleven. Some of the more common of the other diseases which affect 
turkeys are botulism, fowl cholera, fowl pox, colds, roup, fowl typhoid, and 
tuberculosis. Turkeys are infested by cecum worms, gape worms, round- 
worms, and tapeworms. They are attacked not only by lice but also by 
mites and ticks. 


636 


POULTRY 


References 

AsMUNDSON, V. S., AND JUKES, T. H.*. TURKEY PRODUCTION IN CALIFORNIA. 

Calif. Agr. Ext. Serv. Circ. 110. 1939. 

Asmundson, V. S., et aL : the effect of certain fish meals and fish oils 
IN THE RATION ON THE FLAVOR OF THE TURKEY. Poultry Sci., Vol. 17, No. 2, 

pp. 147-151. 1938. 

Besley, a. K., and Marsden, S. J.: a study of turkey curing and smoking. 
Poultry Sci., 20: 496-506. 1941. 

Brant, A. Wade, Draper, C. L, and Evans, R. J.: growing turkeys on ra- 
tions LOW IN animal protein. Wash. Sta. Bui. 441. 1944. 

Broadbent, D. a., Thomas, W. P., and Blanch, G. T.: an economic analysis 
OF TURKEY PRODUCTION IN UTAH. Utah Agr. Expt. Bul. 318. 1945. 
Burrows, William H., and Quinn, J. P.: artificial insemination of chick- 
ens AND TURKEYS. U, S. D. A. Circ. 525. 1939. 

DeVault, S. H., AND Ingersoll, Mary: an economic study of 147 turkey 
flocks in MARYLAND. Md. Agr. Expt. Sta. Bul. 355. 1933. 

Fritz, J. C., Hooper, J. H., and Moore, H. P.: calcification in the poult. 
Poultry Sci., 24: 324-328. 1945. 

Funk, E. M.: protein content of concentrates for turkeys. Mo. Sta. Bul. 
471. 1943. 

Funk, E. M.: the relative efficiency of gains in weight made by male and 
female bronze turkeys. Poultry Sci., 22: 3-10. 1943. 

Funk, E. M., and Kempster, H. L.: the use of vegetable protein concen- 
trates for raising turkeys. Mo. Agr. Expt. Sta. Bul. 414. 1940. 

Funk, E. M., and Margolf, P, H.: feed consumption and costs in raising 
turkeys. Pa. Agr. Expt. Sta. Bul. 250. 1932. 

Goodearl, G. P., and Moore, F. E.: turkey capons. N. Dak. Agr. Expt. Sta. 
Bul. 307. 1941. 

Goodearl, G. P.: feeding turkeys for market finish. N. D. Sta, Bul. 328. 
1943. 

Goodearl, G. P.: selection of feeds by growing turkeys. N. D. Sta. Bul. 
335, 1945. 

Hammond, J. C., Haynes, S. K., Marsden, S. J., and Titus, H. W.: vege- 
table protein diets for turkeys. Poultry Sci., 23: 105-109. 1944. 
Hammond, J. C.: lack of water a cause of loose, slimy gizzard linings ac- 
companying early mortality in poults. Poultry Sci., 23: 477-480. 1944. 
Hammond, J. C., McClure, H. E., and Kellogg, W. L,: the minimum phos- 
phorus requirements of growing turkeys. Poultry Sci., 23:239-241. 

, 1944. . . . ^ 

Headly, F. B.: the effect of substituting vegetable protein for meat 
protein in a ration for growing turkeys. Nevada Sta. Bul. 168. 1944. 
Heitz, Thomas W.: dressing and packing turkeys for market. U. S. D. A. 
Farmers’ Bul. 1694, 1934, 



TURKEY PRODUCTION AND MANAGEMENT 


637 


Heitz, Thomas W,: grading dressed turkeys. U. S. D. A. Farmers’ Bui. 
1815. 1938. 

Hinshaw, W. R.: diseases of turkeys. Calif. Agr. Expt. Sta. Bui. 613. 1937. 
Insko, W. M., MacLaury, D. W., and Ringrose, A. T.: effect of relative 

HUMIDITY AND AMOUNT OF TURNING ON HATCHABILITY OF TURKEY EGGS AND 

LIVABILITY OF POULTS. Kentucky Sta. Bui. 438. 1942. 

Jukes, T. H.: vitamins for turkeys. Turkey World. January, 1940. 

Knight, D. R., McDougle, H. C., and Durant, A. J.: trichomoniasis of 
turkeys. Mo. Sta. Bui. 456. 1942. 

Milby, T. T., Jaap, R. G., and Thompson, R. B.: turkey production. Okla. 
Agr. Expt. Sta. Bui. 236. 1939. 

Milby, T. T., Penquite, Robert, and Tfiompson, R. B.: fiber and protein in 
TURKEY rations. Okla. Sta. Circ. C-111. 1943. 

Milby, T. T., and Ti-iompson, R. B.: limited range for growing turkeys. 
Poultry Sci., 21 : 243-246. 1942. 

Milby, T. T., and Thompson, R. B.: the use of all-night ligfits for grow- 
ing turkeys. Poultry Sci., 20: 332-336. 1941. 

North, Mack O.: the influence of protein concentrates upon the qual- 
ity OF MEAT IN TURKEYS. Wyoming Sta. Bui. 264. 1943. 

Patrick, H., Darrow, M. L, and Morgan, C, L.: the role of riboflavin in 
TURKEY POULT NUTRITION. Poultry Sci., 23: 146-148. 1944. 

Patrick, H., Boucher, R. V., Dutcher, R. A., and Knandel, H. C.: preven- 
tion OF PERosis AND DERMATITIS IN TURKEY POULTS. Jour. Nutrition, 26: 197- 

204. 1943. 

Phillips, R. E., and Williams, C. S.: relationship of specific gravity and 

shell appearance to the HATCHABILITY OF FERTILE TURKEY EGGS. Poultry 

Sci., 23: 110-113. 1944. 

PoLEY, W. E., AND Wilson, W. O.: cereal grains in turkey rations. S. Dak. 
Agr. Expt. Sta. Bui. 330. 1939. 

Roberts, J. B.: marketing turkeys in Kentucky, Ky. Sta. Bui. 458. 1944. 
Robertson, E. L, and Carver, J. S.: concentrate feeding of turkeys. Wash. 
Sta. Bui. 402. 1941. 

Robertson, E. I., and Wilhelm, L. A.: concentrate feeding of broad- 
breasted BRONZE turkeys. U. S. Egg and Poultry Magazine, 46: 597-600, 
639-640. October, 1940. 

Sampson, F. R., and Wilson, W. O.: turkey egg hatchability in south 
DAKOTA. S. D, Sta. Bui. 375. 1944., 

Sanford, T. D., and Jukes, T. H.: further observations on the vitamin d 
requirements of turkey poults. Poultry Sci., 23: 221-223. 1944. 

Scott, H. M.: turkey production in Kansas. Kans. Agr. Expt. Sta. Bui. 
276. 1937. 

Smith, E. Y., AND Weaver, L. E.: turkeys. Cornell Ext. Bui. 359. 1939. 
Tinley, j. M., and Voorhies, E. C.: economic problems affecting turkey 
marketing in CALIFORNIA. Calif. Agr. Expt. Sta. Bui. 612. 1937. 4 


CHAPTER SEVENTEEN 


Ducksj GeesCj and 
M-iscellaneous Poultry 


When speaking of the poultry industry, one generally has chickens in 
-nind. In the preceding two chapters, the increasing importance of the 
turkey industry was pointed out. There are other species of birds classed 
as poultry that are of considerable economic importance. The chief ones 
among them are ducks and geese. Pigeons and guineas are also of some 
importance. 

Ducks 

The duck industry. According to the 1940 census, there were 12,138,- 
820 ducks raised in the United States in 1939. The industry has just about 
held its own during the last thirty years. 

The greatest numbers of ducks are raised in the following states, listed 
in order of production: New York, Pennsylvania, Ohio, California, Illi- 
nois, Massachusetts, New Jersey, Minnesota, Wisconsin, Iowa, Michigan, 
and South Dakota, Commercial duck raising has been developed most ex- 
tensively in New York. The number of ducks kept, in proportion to the 
total population, is much lower in the United States than in most other 
countries. The relative number in Great Britain, Ireland, and New 
Zealand is several times larger than in this country. 

Intensive duck farming on a large scale has been more successful than 
intensive chicken raising (Fig. 235). Ducks stand confinement well, are 
more easily brooded, and are les.s subject to disease than are chickens. 
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Fig. 235. Large duck farm on Long Island. 

Ducks are raised primarily for meat purposes. They are especially 
adapted for this on account of the rapidity of growth, hardiness, and ease 
of handling. Duck raising, as a business, is limited, for the demand for 
duck meat is not so steady nor its popularity so great as for chicken. Sum- 
mer resorts and large cities with a foreign population make the best mar- 
kets. 

The demand for duck eggs is very limited. They are larger than 
chicken eggs, but bring about the same price or less. They find some use 
in the baking industry. 

Breeds of ducks. There are eleven standard breeds of ducks which 
have been admitted to the American Standard of Perfection. Most of 
them have descended from the mallard, or wild duck, which is widely 
distributed, ranging from eastern Asia to North America. The duck was 
first domesticated in Asia. The ancestors of most of our present breeds 
were imported from there. The breeds of ducks may be divided into 
meat, egg, and ornamental classes. 

The meat class includes the Pekin, Aylesbury, Muscovy, Rouen, Cayuga, 
Buff, and Swedish breeds. 

The Pe\in is by far the most popular. It was introduced from China 
about 1873. This breed is kept almost exclusively by commercial duck 
farmers throughout the United States, and is a great favorite on general 
farms. The Pekin (Fig. 236) is distinguished by a creamy white plumage, 
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a long, broad, deep body, and a full breast. The skin is yellow and the 
shanks, toes, and bill are reddish-orange color. The standard weight of 
the mature drake and duck are nine and eight pounds, respectively. The 
Pekins are hardy, are fair layers, practically non-setters, and are especially 
adapted for the production of meat. They are timid and easily frightened, 
very docile, and easily confined by low fences. 

Other meat breeds are not so well adapted to commercial or general 
farming. The Aylesbury is not so hardy as the Pekin. The Muscovy 
ducks vary in size. They are not easily confined by ordinary fences. The 
Rouen matures slowly and has dark pinfeathers. 

'The egg class includes only one breed, the Runner, commonly called the 
Indian Runner. It was probably developed in Belgium and Holland. 
There are three standard varieties of Runner ducks: the Fawn and White, 
the White, and the Penciled. 

All the varieties have the same shape (Fig. 236), but differ in plumage 
color. The breast is full, the body is long and narrow, sloping gradually 
into the neck and carried erect, with no indication of a keel, the body 
resembling somewhat that of a penguin in shape. The Runner duck is 
much smaller than breeds of the meat type, the adult drake having a stand- 
ard weight of four and one-half pounds and the duck four pounds. They 
are among the best layers of all the American standard breeds of ducks 
and hold the same relative position in the duck family that the Leghorn 
does among the breeds of chickens. This breed lays a good-sized white 
egg, considerably larger than a chicken egg. Runner ducks are active, are 
good foragers, non-sitters, and hardy. Their skin is yellow and they make 
fair broilers, weighing from two and one-half to three pounds at about six 
weelcs of age. They are not adapted for the production of large green 
ducks, but may be kept to produce ducklings of broiler size. 

The ornamental class includes the Call, Crested White, and Black East 
India breeds of ducks. 

The Call is small and may be considered the bantam of the duck family. 
The ornamental breeds are kept for exhibition and are used as decoys in 
wild duck shooting. The other ornamental breeds are also small. 

Characteristics of ducks. Ducks have certain characteristics which class 
them as waterfowls and differentiate them from land fowls, such as the 
chicken and turkey. 

The duck is provided with short legs and webbed feet. These are assets 
in swimming. The bill is covered by a soft, sensitive membrane and 
edged with horny plates. Solid food material obtained from the water 
may be held and the water forced out through the plates. The feathers 
are concave toward the body and have a thick, soft covering on the under 
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Fig. 236. Some breeds of ducks. Upper left, Pekin. Upper right, Rouen. Lower ieftj 
Runner, lower right, Muscovy. 
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surface. They are well greased, and this helps to keep water from reach- 
ing the skin. The duck is further protected from the cold by having a 
thick layer of fat beneath the skin. This acts as a body insulator. 

The duck does not have so large a percentage of edible muscle meat as 
the chicken. The meat is dark. The keel is flat and boatlike. 

Duck breeding. Duck breeding for useful purposes in this country has 
been confined largely to breeding Pekin ducks for meat production. 

Selection of breeders is usually made each year from the young ducks 
before the flock is marketed. The males can be identified by the middle 
tail feathers, which are curled up. Breeding ducks are selected for good 
length, width, and depth of body, and for early maturity. Stock showing 
signs of coarseness is discarded. Heavy birds with very deep keels have 
a tendency to take on too much fat and are likely to show low egg produc- 
tion, poor fertility, and lack of vigor. Most ducks are kept only through 
their first laying season, as young ducks are better producers and lay earlier 
than older ones. 

Mating of breeders is usually done in flocks (Fig. 237). One male is 
used for every six or seven females. Inbreeding is generally practiced. 
This may account for the poor hatchability that is often encountered. 

Before much progress can be made in duck breeding, it will be necessary 
to trap-nest ducks; make pen matings; keep the breeders more than one 
year; and use the birds that have the best production, hatchability, and 
livability records. 

Incubation of duck eggs. The incubation period for duck eggs from 
most of the breeds is twenty-eight days. Muscovy duck eggs require a 
thirty-three- to thirty-five-day incubation period. 

Duck eggs are generally hatched in incubators and under the same con- 
ditions used for hatching chicken eggs (Fig. 238). More moisture is re- 
quired at hatching time than is generally used for chicken eggs. Direc- 
tions of the incubator manufacturer should be followed until experience 
has shown that improvements can be made. 

Brooding ducks. Ducks are easier to brood than chicks or turkeys. 
They do not require so much heat or heat for so long a time. The ducks 
are removed from the incubator as soon as the hatch is completed. They 
are taken to the brooder house as soon as possible, placed under the 
brooder, and given feed and water. 

About 100 to 150 ducks are placed in each pen and under each brooder. 
The temperature under the hover should be about 90®F. the first week, 
85°F. the second week, 75° F. the third week, and about 65° F. the fourth 
and fifth weeks. When the birds are about six weeks old, they are trans- 
ferred to the fattening shed where no artificial heat is used. 
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Fig. 237. Flock of breeding ducks and breeding house. | 

Straw or shavings make a very good litter for the brooder house. A 
guard should be placed around the brooder, one or two feet away from it, 
to keep the ducks from wandering away from the heat until they become | 

accustomed to the brooder, . 

The pen should be cleaned every week or ten days. ^ 

Housing ducks. The house should be located on well-drained soil. A 
chicken house is satisfactory for ducks. Shed-type houses are often used ; 

(Fig. 237). It is desirable to allow from four to six square feet of floor - 

space for each breeding duck. Breeders are kept in flocks of from about ^ 

75,to250. . . ■ I 

Straw or shavings make satisfactory litter. The house should be cleaned J 


as often as necessary to keep it clean and dry. Proper ventilation in the 
duck house, as in the chicken house, will help keep the place comfort- 
- able.' ; ■ : • # ; . ' 

I No perches are provided for ducks or other waterfowl because it is not 

their nature to roost. They rest on the floor. 

Nests are generally provided which are made like stalls. They are 
about 12 inches wide, and 18 inches deep, and separated by boards about 12 
; inches high. The partition boards are nailed to a strip about 5 inches high, 
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which forms the front o£ a row of nests placed against the back or side of 
the building. Some breeders provide no nests, but allow the birds to lay 
on the floor. 

Troughs are generally used for water and mash boxes for feed. 

Breeding ducks are generally provided with outside range (Fig. 239). 
When the range is limited or the farm large, the yards are limited to about 
one hundred feet in length and the width of the pen. If they extend into 
a stream, it will aid in keeping the place more sanitary. Fences about two 
feet high will hold ducks in their respective yards. 

Feeding ducks. The quantitative nutritive requirements of ducks have 
not been carefully studied. Rations suitable for chickens appear to give 
satisfactory results when fed to ducks. The optimum protein level for 
efficient growth appears to be about 18 per cent. Ducks may be grown on 
dry mash feed or a combination of dry and wet mash. However, many 
duck feeders still prefer to feed all of the ration as a wet mash. The 
following rations and feeding directions are based upon the recommenda- 
tions of the United States Department of Agriculture {Farmer/ Bulletin 
697, 1933): 

Starting duc\ rations are used for the first two or three weeks. One 
such all-mash ration consists of yellow corn, 35; bran, 31; flour middlings, 
10; alfalfa leaf meal, 5; dried milk, 5; meat scraps, 5; rolled oats, 5; sand, 
3; salt, 1; and cod liver oil, 1. The ducks are fed all they will clean up 
four times daily. The ducks are fed as soon as placed in the brooder 
house. The mash is fed in the form of a wet crumbly mixture. Shallow 
water troughs should be placed near the feeders. Some investigators advo- 
cate the use of 5 to 10 per cent more meat scraps in the ration than listed 
in the above formula. 

Growmg duc\ rations are fed from the time the ducks are about two or 
three weeks old until they are around six weeks old. One of the rations 
advocated consists of corn, 45; bran, 24; flour middlings, 10; meat scraps, 
10; ground oat groats, 5; limestone, 3; dried milk, 2; and salt, 1. Green 
feed to the amount of 10 per cent of the mash, by bulk, should be added 
to the ration. The birds are fed as much of the wet crumbly mash as they 
will clean up three times daily. 

Finishing ducf^ rations are fed from the time the birds are about six 
weeks old until they are marketed. One of the finishing or fattening ra- 
tions listed consists of corn, 50; bran, 18; flour middlings, 13; meat meal, 
12; ground oats, 5; dried milk, 2, with 10 per cent of the bulk of the mash 
in green feed added. The ducks are fed as much of the wet mash as they 
will clean up, three times daily. 

If ducks are raised in confinement, 5 per cent alfalfa meal may be used 
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to replace the green feed. About 1 per cent cod liver oil should be included 
in the ration, also, for ducks raised in confinement. It should be elim- 
inated from the ration about a month before the birds go to market in 
order to eliminate any fishy odor or taste from the meat. 

Breeding diic\ rations vary in protein content with the egg production 
desired. From the time die young ducks are separated to be used as 
breeders (about July) until a short while before eggs are wanted from 
them for hatching (about November), the birds are fed a bulky ration of 
low protein content. One such ration consists of bran, 40; yellow corn, 
30; flour middlings, 25; and meat scraps or fish meal, 5. The mash is 
mixed with about one-third its bulk of green feed. 

Shortly before eggs are desired for hatching, the protein content of the 
ration is increased. One mash feed used for the production of hatching 
eggs, when the birds have outside yards, consists of corn, 45; bran, 20; 
flour middlings, 20; meat scraps, 10; and ground oats, 5. This mash is 
mixed with green feed and fed as a wet mash. The breeders are often fed 
a little whole corn in addition to the mash feed. 

Oyster shells or limestone grit are kept before the layers at all times. 

Lights may be used to stimulate egg production, as in the case of 
chickens. 

Duck diseases. Ducks are not so susceptible to diseases as are chickens. 
Possibly this may be accounted for on the basis of selection. The breeders 
are picked out on the basis of vigor during the growing period. Another 
possible explanation is the fact that ducks have been accustomed to living 
ill large numbers under rather unsanitary conditions. This unfavorable 
environment through the years may have resulted in the establishment of 
a natural immunity against disease. 

Some farmers who have been unable to produce chickens and chicken 
eggs profitably, because of disease, have changed to the production of 
ducks and duck eggs. They are usually successful in raising the ducks, 
but often find themselves handicapped because of a lack of a good market. 

One should not get the impression that ducks are entirely immune from 
disease. They are troubled by keel disease, pneumonia, and some other 
troubles. 

Keel disease is indicated by lack of activity, loss of appetite, diarrhea, 
and heavy losses within a few hours. The trouble generally occurs in hot 
weather. It results from eating moldy or decayed feed or litter. To elimi- 
nate the trouble, renew the litter in the house, fill up the filthy puddles in 
the yards with sand, and feed fresh mash that is free from mold. 

Pneumonia, colds, or bronchitis may be indicated by a sticky coat, 
watery eyes, wheezing, and sniffling sounds when breathing. This respir- 



Fig, 240. Growth and marketing of ducks. Upper left, a 24-day-old duckling. Upper 
right, carcass of a 5y2-pound duck produced in 972 weeks. Lower left, slightly more than 
half grown. Lower right, at 9V2 weeks. Ready for market. 

atory trouble results from overcrowding, poor ventilation, exposure, and 
overheating. 

Marketing ducks. Since ducks are raised primarily for meat produc- 
tion, duck meat is the chief duck product marketed. 

Ducks are generally marketed when about eleven weeks old, but the age 
may vary from nine to thirteen weeks, according to the condition of the 
birds, their weight, and the season of the year. The New York market 
prefers a duck that weighs about five and one-half pounds (Fig. 240 ). 

The ducks should not be held after the long tail feathers have reached 
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their full length. If held longer, the birds go through a kind of molt, the 
gains are poor, and the quality of the meat is of lower value. 

A V-shaped trap made of panels of fence, into which the ducks are 
driven, saves much handling of the ducks. The birds are handled by the 
neck. There is considerable loss in weight when ducks are marketed alive. 
Most of them are sent to market dressed. 

Ducks being dressed are hung up by the feet, the jugular vein severed 
in the throat below the base of the skull, the bird scalded or steamed, and 
the feathers plucked. Long pinfeathers are usually removed with a dull 
knife, and the down is rubbed off with the moistened hand or shaved 
off with a very sharp knife. Each duck yields about two and one-half 
ounces of marketable feathers which help pay for the picking. 

After the ducks are picked, they are usually washed and put in ice cold 
water to cool and plump. They are then graded and packed for shipment. 
Prices are highest from December to April. Large cities provide the best 
markets. Duck raisers count on marketing fifty to sixty-five green ducks 
for each breeder kept on the farm. 

Duc\ eggs are not in much demand. It is claimed that they have a 
strong taste. They are used in bakeries and are popular around Easter. 
Pure white duck eggs are more popular than the colored ones. They 
should be marketed more frequently than chicken eggs because they 
deteriorate in quality more rapidly in hot weather. 

Geese 

Geese, like ducks, are raised primarily for meat production. They are 
hardy and easily and cheaply raised on general farms, since they will get 
almost all the feed they need from a good pasture. Geese are raised in all 
sections of the United States, but most of them are produced in the north 
central states. Geese make up only about .5 per cent of the poultry raised 
in the United States. 

Breeds of geese. All breeds of geese in the United States are descended 
from the wild gray goose and have been domesticated for many centuries. 
Six breeds are recognized as standard in this country, namely, Toulouse, 
Emden, African, Chinese, Canada, and Egyptian. The breeds found on 
most farms are crossed or mixed breeds and several pounds lighter than 
the standard breeds. 

The Toulouse (Fig, 241) is the largest and most popular breed of geese. 
The adult gander weighs twenty-six pounds and the adult goose twenty 
pounds. This breed has a broad, deep body, and is loose feathered. The 
color of the plumage is dark gray on the back, gradually shading to light 
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Fig. 241, Breeds of geese. Left, Emden; right, Toulouse. 

gray edged with white on the breast, and to white on the abdomen. The 
Toulouse will lay from fifteen to thirty-five eggs a year. 

The Emden is a pure white, closely feathered breed of geese (Fig. 241). 
The adult gander weighs twenty pounds and the goose eighteen pounds. 
The Emden does not lay quite so many eggs as the Toulouse, but is a 
better sitter. 

The other breeds of geese are of much less economic importance. 

Breeding and management of geese. Geese are generally raised in 
small numbers on general farms. They are very hardy and not subject 
to many diseases. They thrive well on pasture. Geese need a shed or 
some other means of protection from the snow and cold, and shade for 
protection from the hot sun. 

Geese, like other kinds of poultry, should be selected for size, production, 
and vigor. Medium-sized birds are the most desirable. They should be 
mated several months before the breeding season. Birds should be mated 
in the fall when hatching eggs are wanted in the spring. Geese matings 
are not changed from year to year unless the birds will not mate. 

It is difficult to determine sex in geese, especially the young stock. The 
gander is usually somewhat larger and coarser than the goose and has a 
shrill, high voice, while the female has a harsh, coarse cry. The gander 
has a longer neck and a larger head. 
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A gander may be mated with from one to four geese, but pair or trio 
matings usually give the best results. A young gander is usually mated 
with only one or two geese. Flock or pen matings may be used. Four to 
twenty-five geese may be ranged on an acre of ground. Fences two or 
three feet high will keep geese confined to a given range. 

Toulouse and Emden geese breed and produce some stock in the second 
year, but do not mature or give best results before the third year. Females 
may be kept until eight to ten years old and ganders until six or seven 
years old. 

Geese are allowed to make nests on the floor of the house or in large 
boxes or barrels, or shelters scattered on the range for that purpose. Goose 
eggs should be gathered daily, kept in a cool place, and hatched under a 
hen, goose, or in an incubator. From three to seven eggs may be set under 
a hen, or ten to fifteen under a goose. Eggs set under a hen should be 
turned by hand as they are too large for the hen to turn. The period of 
incubation of goose eggs varies from twenty days in the small breeds to 
thirty-four or thirty-five days in the large breeds. Eggs may be hatched in 
incubators with the same conditions as used for chicken eggs. 

Goslings may be brooded with a hen, a goose, or with an artificial 
brooder. If brooded in the spring, when pasture is good, they will need 
only heat for a week or so. Goslings should be kept dry and out of water 
until they are two to four weeks old. 

Feeding geese. Geese are generally raised where they have a good grass 
range or pasture, and, except during the winter months, usually pick up 
most of their living. The pasture may be supplemented with light feeds 
of home-grown grains or wet mash daily, depending upon the condition 
of the pasture. 

Breeding stoc\ should be fed grain and roughage during the winter, 
when pasture is not available. Oats make a desirable grain feed. A lim- 
ited amount of corn, wheat, or barley may be used. Silage may also be 
used. In the early spring, the geese should be fed a mash feed in addition 
to the roughage and grains, in order to stimulate egg production. Any 
satisfactory chicken laying mash may be fed as a wet mash two or three 
times daily. Oyster shells or limestone grit should be kept available for 
eggshell formation. 

Goslings may be fed a chick mash when raised in confinement. When 
raised on green grass range, they may be fed a mixture of grains mixed 
with liquid skim milk or buttermilk to make a crumbly mash. When 
goslings are raised in small numbers on good pasture, diey will need little 
or no grain or mash feed after they are about three or four weeks old. 
Whole grains should not be fed until the goslings are well feathered. 



Fig. 242. A pair of White King breeders entered in the New Jersey pigeon-breeding contest, 
with a pair of squabs. The record of this pair was 19 squabs in a year, weighing 383 
ounces. 

'Finishing geese for market involves fattening them. They may be 


range or pen fattened for about a month before going to market. The 
birds are given all the corn they will clean up and are fed a wet mash 
three times daily. The wet mash consists of two parts corn meal and 
one part middlings mixed with liquid milk to make a batter. The pens 
should be kept partly darkened and the birds disturbed as little as possible. 
An increase in weight of from four to six pounds can be obtained by this 
method of feeding. 

Noodling geese is a better means of fattening but involves more labor. 
The birds are fed six to seven noodles five times daily at four-hour in- 
tervals. 


Marketing geese. There is some demand for young geese from June to 
January, but most of them are sold at Thanksgiving and Christmas. Ten- 
weeks-old goslings may weigh as much as ten to twelve pounds and are 
marketed as green geese. If not sold at this age, they should not be sold 
until about five months old. Large cities containing a considerable foreign 
population are usually the best markets for geese. 

Geese are usually killed and picked in the same manner as other kinds 


of poultry, but are much more difficult to pick than chickens. Care should 



be taken in handling geese at market time as the flesh bruises easily. 
After killing and bleeding, the feathers are generally removed following 
scalding or steaming. After geese have been picked, they are generally 
washed and put in ice water to cool. 

Feathers have been plucked from live geese for centuries. They are 
usually picked in the spring or fall, or both times. The feathers are re- 
moved only when the quills are dry and do not contain blood. Just before 
the molt is a good time to pluck the feathers. About a pound of feathers 
may be obtained from a goose during a year. The demand for. goose 
feathers has been declining in recent years. 

Goose Uvea'S are mixed with pork, flour, butter, and spices and sold 
under the name of “Patty” and other trade names. Austria exported about 
700,000 pounds at $1.25 per pound during 1937 and 1938. Other European 
countries also export goose-liver materials. 


Pigeons 


Pigeons are kept in all parts of the United States for squab production, 
messengers, and exhibition (Figs. 242 and 243). 

There is a demand for squabs, especially in large cities, to take the place 
of game. The chief difficulties in squab production are in finding suitable 


Fig. 243. A section of the signal corps (U. S. Army) carrier pigeon exhibit at the Seventh 
World^s Poultry Congress. 
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markets for the small amount of squab meat produced by individuals and 
in finding suitable stock for producing big squabs. 

Breeding pigeons. There are many breeds of pigeons, but only a few 
of economic value for squab production. The Homer is probably the most 
popular breed of pigeons. It is prolific, hardy, active, and quiet in tem- 
perament (Fig. 242) . 

It is difficult to determine by casual observation the age and sex of 
pigeons, and this makes it difficult for the buyer to determine the value of 
the stock. The medium-sized breeds of pigeons which do not raise at 
least six pairs of squabs annually to market age should be either culled or 
remated. Good pigeons for breeders have a white or pinkish-white skin 
and light-colored legs. Pigeons are most valuable as squab producers 
when two to five years old. 

Pigeons mate in pairs and usually remain with their mates throughout 
life, although the mating may be changed if desired. To bring about the 
mating desired, place the male and female in a coop and leave them there 
for six to fourteen days, or until they become settled. 

The pigeon hen lays an egg, generally skips a day, and then lays again. 
The male generally sits on the eggs during the middle of the day, and the 
female the remainder of the time. The incubation period for pigeon eggs 
is about seventeen days. 

Feeding and management of pigeons. Squabs are reared and fed by 
both of the parent birds on a thick, creamy mixture called pigeon milk, 
produced in the crops of the pigeons. Pigeons usually feed their squabs 
shortly after they themselves are fed. 

Pigeons are not fed any mash or green feed. They are fed a ration of 
whole grains and supplied with water and grit. A grain mixture advo- 
cated by the New Jersey Agricultural Experiment Station (New Jersey 
Station Bulletin 634, 1937) is as follows : 


Whole yellow corn. . ............. 40 lbs. 

Kaffir corn 20 

Durham wheat ; . . , ....... 15 

Canada peas. 15 

Hemp seed 2.5 

Millet. 2.5 

Hulled oats. 2,5 

Buckwheat. 2.5 

Total............. 100.0 lbs. 


The grain should be fed twice daily, the birds being given all they will 
eat. Pigeons should not be disturbed more than is absolutely necessary. 







Fig. 244. A pigeon house. 

Pigeons may be kept in most any available building when kept in small 
groups. The quarters should be dry, well ventilated, and provided with 
plenty of daylight. Pigeons are allowed two and one-half to three and one- 
half square feet of floor space per bird. Not more than forty pairs should 
be kept in a single pen. 

Nearly all pigeons kept for squab production are confined by the use of 
an outside fly or yard covered with wire which is built on the south side 
of the house (Fig. 244). 

The interior fittings should consist of a double nest for each pair of 
breeders, nest, bowls, and feed hoppers. Nest compartments should be 
12 inches high, 16 inches deep, and 24 inches wide, divided into two parts. 
A box of straw may be kept in the pen so that the pigeons may build their 
own nests. The feed hoppers and drinking vessels should be covered ’v^ith 
wire in such a way that the birds cannot get in them. Shallow bath pans 
should be kept in the yards and the birds allowed to use them, except in 
cold weather. 

Marketing squabs. The production of squabs from each pair of breed- 
ers varies from one or two to as high as ten or eleven pairs a year. Homer 
squabs generally weigh eight to eleven pounds per dozen. They gain two- 
thirds of their mature weight in four weeks. Squabs are fed by their 
parents until marketed. They are sold when three or four weeks old, 
before they can leave their nests. Squabs are in good condition when 
fully feathered under the wings. 

Squabs are killed and dressed much like other poultry. 


Guineas 

The guinea fowl is often used as a substitute for game birds, such as 
grouse, partridge, quail, and pheasant. 
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Fig. 245. A Pearl guinea fowl. 


Most of the guineas are raised 
in small numbers on farms of the 
Middle West and South. 

Guineas might be more popu- 
lar were it not for their harsh 
and seemingly never-ending cry, 
and their bad disposition. There 
were 948,755 guineas raised in 
the United States in 1939. 

Guineas are found in the wild 
state in Africa. They have 
been domesticated and scattered 
throughout the world. Of the 
three domesticated varieties, the 
Pearl is by far the most popular. It has a purplish-gray plumage, dotted 
or “pearled” with white (Fig. 245). 

Like quail and most other wild birds, guinea fowls have a tendency to 
mate in pairs. However, one male may be mated with three or four hens. 
If given the freedom of the farm, the birds generally hide their nests. 
They may lay twenty or thirty eggs in the spring of the year before going 
broody. The incubation period for guinea eggs is twenty-eight days. 
They may be hatched in incubators and brooded under brooders, using 
the same procedures as used for chickens. 

Guineas are fed in much the same manner as chickens. If given a 
chance, they forage well and can be depended upon to secure much of 
their food from weed seeds, grass, insects, and worms, when kept in small 
numbers. 

The marketing season for guinea fowl is during the late summer and 
fall. The demand is for young birds weighing from one and one-half to 
two pounds each. They are killed and dressed in much the same manner 
as chickens. 


Peafowls 

Peafowls once had some importance as food for man, but now they are 
kept almost entirely for ornament (Fig. 246). 

The native home of the peafowl is in India. The birds like range and 
shrubbery or trees for a home. When confined to yards with sheds for 
shelters, they should be some distance from the house because the birds arc 
noisy, especially at night. 

Four or five hens may be mated with one cock bird. The birds start to 
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Fig. 246. The peafowl. 

lay the second year and may lay five to nine eggs per year. The eggs may 
be incubated artificially or under hens. The incubation period is twenty- 
eight to thirty days. The young birds may be brooded artificially or with 
hens. 

Peafowls are generally fed a ration consisting largely of grains and green 
feeds. When given freedom of a range, the birds will secure most of 
their food from weed seeds, grass, insects, worms, etc. 

Swans 

Swans arc kept largely for ornamental purposes and probably should not 
be classed as poultry. They are more common in European countries 
than in the United States. 

Swans are very hardy and need no protection except in extremely cold 
weather. They live in pairs and remain faithful to each other until death. 
Swans make nests of sticks and rubbish and lay from six to eight large 
greenish-white eggs each year. The incubation period of swan eggs is 
about six weeks. 

Swans live on water plants, soft roots, and insects, under natural con- 
ditions. They may be fed the same kind of food fed to other poultry. It 
should be supplemented with green succulent feed. 
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Swans live to be very old. The females will breed for thirty years, and 
the males have been known to live for more than sixty years. 
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CHAPTER EIGHTEEN 


Game Bird Production 


In the origin o£ wildlife, Nature furnished a place for different species 
of birds and animals. In their respective habitat they thrived and were 
abundant. Nature has not changed, but still many species have been re- 
duced in numbers and several have vanished. The last heath-hen dis- 
appeared May 9, 1931, on Marthas Vineyard Island in Massachusetts. 
Such has been the history of the passenger pigeon, formerly perhaps the 
most numerous of all birds, inhabiting practically the whole forested area 
of eastern North America. The species seems to have disappeared during 
the nineteenth century, leaving no trace. 

What are the causes of bird destruction.? Wild predatory animals, 
prowling dogs and house cats, and winged vermin such as the Cooper’s 
hawk are found to do much damage to some of the species. Scarcity of 
food supply, absence of natural cover, and long droughts are important 
factors. An increasing number of hunters, long hunting seasons and ex- 
cessive kills, pot hunting, and bootlegging sales in violation of reasonable 
conservation regulations have taxed the normal existence of the game birds 
to an extent with which nature has been unable to cope. 

As a result of increased interest and effort in game restoration, the prop- 
agation of game birds has developed into an industry of considerable 
magnitude in the United States. Many states operate game farms for 
the production of game birds to be used to restock depleted areas. Con- 
servation commissions have been organized in a number of states to en- 
courage and promote the natural propagation of game birds. 

Two orders, Galliformes and Anseriformes, comprise most of the impor- 
tant game birds found in North America. Ground-dwelling birds consti- 
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Fig. 247. The bobwhite, or quail. 


tute the order Gallijormes, They greatly resemble the fowl in form and 
appearance. The birds of this order are generally polygamous and very 
prolific, the eggs being numerous and large. Gallinaceous birds obtain al- 
most all their food from the ground. Representatives of the order are 
found on every continent, but only the one suborder, Phasiani, has repre- 
sentatives (four families) in the United States. The families bobwhite 
and quail, grouse, turkeys, and pheasants are the important groups of up- 
land game birds. 

Only one family is included in the order Anseriformes; however, this is 
divided into five subfamilies: mergansers, river ducks, sea ducks, geese, and 
swans. About fifty species within this group are found in North America. 
They are among the most important of all game birds. 

Bobwhite and Quail 

The true quail and partridge are Old World birds, and their American 
representatives are the bobwhite and quail (Fig. 247). There are about 
seventy species in the western hemisphere, but only seven are found north 
of the southern border of the United States. These birds are rather small 
in size with heads completely feathered and sometimes crested; the nostrils 
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are covered with a naked scale; the legs are stout and moderately long; 
the front toes are webbed at the base, the hind toe raised and rather small; 
the wings are short, rounded, arched, and strong, the tail varying from 
less than one-half to about four-fifths the length of the wing; and the body 
is heavy. A great variation in plumage color is shown among the mem- 
bers of this family. 

In general quail welcome the extension of agriculture, and the added 
food supply in farmed areas results in an increase of their number. Be- 
cause of their cheerful disposition and their value as destroyers of insects, 
quail are welcomed by farmers. As shown by investigations of the Bio- 
logical Survey, these birds with rare exceptions are not only harmless, 
but usually are very useful to agriculture. The bob white constantly feeds 
on injurious weed seeds and insects, and thus renders valuable service to 
the farmer. Many sportsmen consider the bobwhite the finest game bird 
in the world. 

The true bobwhite’s distribution is eastern North America from South 
Dakota, southern Minnesota, southern Ontario, and southeastern Maine 
south to eastern and northern Texas, the Gulf coast, and northern Florida 
west to eastern Colorado. They were introduced into central Colorado, 
New Mexico, Utah, Idaho, California, Oregon, and Washington. This 
bird was once far more plentiful than it is today. 

Other species of quail are mountain quail, found in the humid district 
of the Pacific coast; masked bobwhite, found in southern Arizona; scaled 
quail, found in the southwestern part of the United States; California 
quail; Mearn’s quail in Texas and Arizona; and the GambePs quail, dis- 
tributed in the desert region of southern California, southern Nevada, 
Arizona, and southwestern Utah east to Colorado and western Texas. 

Natural Propagation 

The quail’s daily habits are quite similar everywhere. These habits — 
such as feeding, roosting, dusting, avoiding their natural enemies and 
hunters, and mating procedures — should be considered in the bird’s pro- 
tection and restoration. 

’ In discussing the natural propagation of the bobwhite it is best to begin 
with the covey in midwinter, when the birds of several broods are together. 
Stoddard found that in a small car, with curtains drawn, he could follow 
the coveys and could observe them to an excellent advantage. 

Cocks were observed to become very pugnacious toward one another 
as the warm days of spring came, puffing themselves up and bluffing with 
lowered heads as they met when feeding. All the birds in the covey be- 
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gan to increase their conversation or chatter at this period. The cocks be- 
gan to strut and to pay considerable attention to the females, but the fe- 
males appeared in no way excited over the males’ actions. 

Such scenes as the above become more numerous as spring progresses. 
The actual time of pairing depends largely upon the weather, and Stod- 
dard found that it begins with the first bobwhite call notes. These calls 
have been observed to appear as early as February, but generally they be- 
gin during March and April, depending on the climatic conditions. 

The actual mating and courtship displays were observed by Stoddard. 
When a dozen or more cocks were confined together during the height 
of the mating season in early May, they got along without apparent fric- 
tion. When two or three hens were introduced, however, their whole 
demeanor underwent a decided change. The cocks immediately began to 
fight one another. These battles often resulted in the death of one of the 
cocks. While the battle was raging, the females ran for shelter but 
continued an excited chatter. 

After the excitement of battle was over, the females regained their com- 
posure to a certain extent and ventured out into the open. They walked 
along erect with stiffly spread tails, or if much perturbed, in a hesitant 
manner with plumage ruffled and wings slightly raised and quivering, 
accompanied by the admiring cocks indulging in the courtship display. 
It was noticeable that certain cocks were especially attracted by certain of 
the hens almost from the first, and even though not necessarily the most 
successful in combat, they were more persistent in their attentions than 
the others. 

Pairing. It was observed that mated cocks fight with more spirit and 
with better results in defense of a mate than when in quest of one. The 
cocks are not particularly quarrelsome after being mated a few days, and 
contrary to the common belief, several nests may be incubated simultane- 
ously in close proximity. As many as five in a single acre hatching off 
successfully were reported by Stoddard. Observations tend to indicate 
that the pairs may remain mated from season to season if both survive, 
though evidence on the point is not conclusive. 

Several weeks may elapse, depending on the weather, between the time 
of pairing and the beginning of nesting. During this period the paired 
males and females always appear together, the hen usually taking the lead 
in feeding expeditions, with the cock a loyal follower. He is very attentive 
at this time, as he is during the entire breeding season, unless he takes up 
incubation duties, when he appears to lose interest in the opposite sex. 
He often feeds his mate grasshoppers and other insects which he catches. 
Even during the care of the brood, he may feed his catch to his mate. 


GAME BIRD PRODUCTION 


665 


Season of nesting. The most important nesting months are May, June, 
July, and August, but nests have been found as early as April and as late 
as October. The actual season depends again on the climatic region and 
the environment. 

Selection of nesting site. A wide variety of nesting sites is utilized by 
bobwhites. The nests may be built in open woodland, in or around a 
clearing or in fields, or in any type of environment normally used by the 
birds at any season. Stoddard reported nesting sites as follows: 16 per 
cent in woodland; 56% in broomsedge fields; 15% in first or second year 
fallow fields; and about 4% in cultivated fields, mostly in the grassy 
growth around stumps in corn or cotton fields, but occasionally under 
trash cast aside by plows or cultivators. The remaining nests (10% of 
the total) were not classified. Eighty-two per cent of the nests were lo- 
cated in growths sufficiently open at the birds’ level for them to run 
about freely, while only 7% were really in dense growth, and most of these 
were near the edge of it. The bob white in nesting shows a marked par- 
tiality for the vicinity of roads, paths, and edges of fields. Eighty-nine 
per cent of the nests were in growth of the preceding season; therefore, 
it is evident that suitable scattered areas of such growth should be care- 
fully maintained over preserves or areas inhabited by quail. From this 
it can be seen why fires prove so disastrous to the quail population. 

Construction of bobwhite nests. Nests are constructed of the grasses, 
mosses, or other suitable building material of the preceding season’s 
growth available near the spot selected for the nest. The birds are so 
adaptable that they can utilize almost any available building material. 
Observation of nest building by the quail is a difficult undertaking. Most 
men who have studied bobwhite life believe as a rule that the cock builds 
the nest. He rounds out the hole in the ground with his beak and claws. 
This is followed by pulling in of dead grass stems and other building ma- 
terial to cushion the nest. A shelter is then placed over the top. The 
entire time required is usually about one day. 

Concealment of nests. The quail is very adept in concealing its nest. 
Usually the nest is hidden by a mixture of green vegetation and dead 
growth of the preceding year, but seldom by the former alone, because 
dead growth is required for nest construction. If suitable nesting ma- 
terial is not present, birds will often build a poor nest, for most of the 
birds will put up with a poor nesting site rather than leave a favorite 
range. Quails usually try to find well-drained areas in which to construct 
their nests, but often they use poor judgment, especially during dry 
weather. 

Egg laying. Normally an egg is deposited each day until the set is 
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complete, or progressively at a later hour each day until laying time comes 
late in the evening, when the day is missed and laying is resumed at an 
earlier hour the next morning. The female may fly to the nest to lay or 
she may walk to the nest with her mate accompanying her within a short 
distance of the nest. The female is normally on the nest only ten to fifteen 
minutes while laying her egg. The normal size of a setting is fourteen 
to fifteen eggs; but the early sets of the season contain more eggs than 
those deposited later. 

Incubation. Some days, in extreme cases, a week may elapse between 
the time of laying the last egg and the beginning of incubation. In one 
case, however, where the laying of the last egg was observed by Stoddard, 
incubation started at once. Incubation may be performed either by the 
cock or by the hen, more frequently by the latter. Stoddard reported that 
in all cases observed, incubation was started by the hen, later being taken 
over by the cock; but in no cases was incubation started by the cock and 
completed by the female. The cock is very determined to have the in- 
cubation and brooding completely successful. He will fight in defense of 
the nest and will actually complete incubation and brooding though his 
mate is dead. The incubating bird normally takes one period each day 
for eating and recreation. This period may vary from a few minutes to 
several hours, depending largely upon the weather. The bird not doing 
the incubating very seldom if ever will approach the nest, but he or she 
is always within calling distance. During the feeding period both birds 
are always together. The mated pair seem devoted to each other because 
seldom if ever will one member take up with other birds while its mate 
is incubating eggs. The broody bird has been observed to turn the eggs 
very often by shuffling, rapid leg motion, or by the use of the beak. The 
incubating bird tends to remain motionless all night. This is necessary 
to prevent quail-eating prowlers from finding the setting bird. The bob- 
white is very neat about the nest, never dropping excrement near it unless 
flushed in a panic; and the vicinity of the nest contains comparatively 
little quail scent unless the bird has just returned from an absence. In 
fact, all the bird’s habits and actions about the nest are developed to pre- 
serve it and its treasures from a multitude of foes. 

Either the cock or hen when chased from the nest will flutter around 
and pretend that she or he is crippled, to lead intruders away from the 
nest. This procedure is also used to lead enemies away from the brood. 

The nesting instinct is so strong in the bob white that if for any reason 
the eggs fail to hatch, incubation duty may be continued long after the 
period for hatching has passed. Stoddard reported that one quail sat on 
her nest for fifty-six days. 
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Hatching. The eggs are pipped around the twenty-first day of incuba- 
tion or about forty-eight hours before hatching. This proves to be a criti- 
cal time at the nest, for the plainly audible cheeping of the confined chicks 
may attract the attention of a prowling enemy, and result in the destruc- 
tion of the brood. Worse yet, the *‘thief ants” may enter the eggs and 
consume the chick alive as soon as the inner membrane is punctured. If 
all is well, the chicks will emerge on the twenty-third day and all the eggs 
will probably hatch within one or two hours. 

Hatching percentages in the wild. Stoddard found that from nests ob- 
served containing 2,874 eggs, over 86% of the eggs hatched, about 5% 
being infertile and 5% dead embryos; the remaining eggs were not classi- 
fied. Seasons of droughts may cause wholesale losses, for there must be 
sufficient moisture present to keep the eggs in proper condition for hatch- 
ing. If the ground becomes dried out thoroughly for a foot or so during 
a dry period of intense heat, germination may start prematurely while the 
set is accumulating. Such eggs either rot or else hatch at irregular inter- 
vals. It seems that seasons of normal temperature and precipitation are 
most favorable to bob white reproduction. 

When the hen has finished the duties of incubation, as most frequently 
happens, the cock usually joins the family at the time they leave the vi- 
cinity of the nest. Once united, the family remains together until the 
following spring unless overtaken by misfortune. 

Brooding. The chicks are brooded a large part of the time for the first 
two weeks by either one or both parents. When less than a week old, they 
are brooded fully three-fourths of the time or even more, short periods of 
feeding and exercising being taken between longer periods of brooding. 
Protection is required at first from heat as well as from cold and wet. 
During the hot summer days the young are brooded in the shade of trees, 
bushes, or smaller ground vegetation most of the time. The chicks search 
in all directions from the parents when in search of insects, berries, and 
other food material. They immediately start picking up grit for grinding 
material. Early in the morning their moisture requirements are satisfied 
by dewdrops. The dewdrops are taken from the grass tips by both young 
and old. Later in the day, berries and tender succulent vegetation grow- 
ing near the ground provide moisture, and the brood is seldom far from 
such a supply. Thus, with a large portion of their food of high water con- 
tent, the broods are entirely independent of a supply of surface water and 
they have been found to thrive in abundance far from such a supply. 

Feeding. The parents make no attempt actually to feed the young, 
which search for food themselves from the beginning. Grasshoppers and 
other insects caught by the cock are most frequently eaten by the hen. 
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The wings, which develop rapidly, are a great aid in capturing insects. 
The young may take flights of a few feet within one week after hatching. 
The young scratch exactly as do the old birds from the first. The parents’ 
duty seems to be in watching for danger. The brood scatters to hide at 
the first alarm, though none is given unless the danger is one that cannot 
be dealt with by battle. The coloring of the chicks enables them to con- 
ceal themselves so that they are very difficult to find. 

Development The chicks develop rapidly, and at two weeks of age 
begin to flush when disturbed, each flying as far as possible before drop- 
ping and concealing themselves. Although the head may still be partly 
covered with down, the seven-weeks-old chick has a very serviceable coat 
of juvenile feathers and ample wing development for a considerable flight 
to cover; can roost in the characteristic circle like the old birds; and can 
survive severe rainstorms without brooding. When the birds are about 
two months old, they flush with considerable speed and fly rapidly to 
cover, even to some distance away. The chicks become more independent 
of manner by this time and their habits are in every way similar to those 
of their elders. At this age they work together, forming a covey. 

Covey formation. As the birds grow older, their range may encroach 
upon the range of other broods. Thus several broods may come together 
to form a larger covey. These broods are of different parents and are not, 
as many believe, several broods of one pair of adults. 

Roosting. As the broods grow and the temperature drops, the young 
coveys take up the more perfect roosting formation characteristic of bob- 
white, sides close together with heads out, forming a circle. This method 
gives maximum warmth, yet allows opportunity for free use of the wings 
for a sudden flush in case of disturbance at night. At fifteen weeks of age 
the young are scarcely distinguishable from their parents. They inhabit 
areas where thickets for protection are well distributed over a terrain that 
supplies an abundance of rich food in the form of seeds of grasses and 
other plants. The normal range of a covey is less than half a mile, and 
given sufficient food and cover, a covey may spend its lifetime within these 
limits. During the winter months the covey locates the best feeding and 
cover grounds and remains near-by until spring, unless forced to move. 
During these months, the bobwhite suffers its greatest losses. The 
Cooper’s hawk and other natural enemies start preying on the covey. At 
the same time the hunting season opens, which results in reducing the 
number of birds in the covey. But through all this many quail will sur- 
vive; and when the warm days of February approach, the birds begin 
mating activities, with the cocks showing a belligerent attitude toward 
their male covey companions and displaying interest in the females. 
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Artificial Propagation of the Bobwhite 

Due to the eflforts of game breeders, there have been developed effective 
methods of hand rearing the bobwhite. Thousands of quail have been 
artificially reared in recent years. Artificial propagation of the bobwhite 
has been used for restocking in depleted areas. This method, combined 
with improvement of the environment, may bring about the restoration 
of the quail in many areas. Other species of quail probably can be bred 
successfully under the same system as the bobwhite. 

Selection of breeding stock. Though birds trapped in the wild can be 
used as breeders, much better results are obtained with birds raised in cap- 
tivity. If selection of breeders can be made from large numbers, it is best” 
to select the strongest or largest birds of the flock. If possible, birds which 
have not been near any disease should be selected. 

Management of breeding stock. Most game bird farms find that a 
great deal of trouble can be avoided by keeping quail on wire. A pen 5 
feet by 10 feet will winter about twenty quail. A small shed should be 
built at one end of the pen to protect the feed hoppers and water con- 
tainers. Straw may be placed on the wire under the shed. This affords 
a place of protection from cold. Three-fourths-inch mesh poultry netting 
is very suitable for quail after they are half grown. The United States 
Department of Agriculture recommends outside pens for keeping breed- 
ers until they are placed in the breeding pens in the spring, for wintering 
the birds, and for holding surplus birds at other seasons. These pens 
are about 12 feet by 70 feet in dimensions. They are enclosed with one- 
inch mesh wire netting, and the lower edge of the netting is attached to 
an eight-inch board placed in the ground to exclude enemies. They are 
also boarded around the bottom to a height of two to three feet. Both 
board and brush shelters are used, and for winter, part of the floor is 
covered with straw or some other bedding. The pens should be high 
enough for a man to walk in, and sufficient pens should be provided to 
enable the evacuation of some while the soil is being broken and new 
crops grown. To provide green feed in the spring, oats, wheat, clover, 
or mixed grasses are sown in the fall. Late summer cover would have 
to be provided by spring sowing. 

Breeding or laying pens. There are many types of breeding pens (Fig. 
248). While good results may be secured in bottomless pens resting on 
the ground, these have not been found so satisfactory as pens with wire 
bottoms. The wire-bottom pen may be constructed in a variety of ways. 
Certain essentials must be recognized in . building the pens. The floor 
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Male and female bobwhites in laying pen. Nest, feeders, and waterer shown. (Overton 
Quail Farm, Petersburg, Virginia.) 

space should be adequate; and a minimum of eighteen square feet per 
pair is recommended. There should be an enclosed space with a mini- 
mum area of six square feet, which includes a nest approximately twelve 
inches square. The pen should be elevated to a position where vegetation 
will not touch the bottom and, at the same time, provide practical means 
of caring for the birds. There should be adequate facilities for water, 
feed, and grit. Breeding pens should be located in an area that is not ac- 
cessible to dogs, cats, or vermin. It is also better to keep people away from 
the breeders because quail are easily excited. 

Feeding, The number of eggs that a quail hen lays is largely depend- 
ent upon the food she eats during the laying period. To obtain good 
hatchability it is necessary that the nutrients required for the development 
of the chick be in the ration. A quail breeder who has only a few birds 
may find commercially prepared game bird laying mash, of which there 
are a number on the market, more economical than preparing his own. 
The mash should be placed in feeders and kept before the breeders at all 
times. Grain, if fed to the breeders, should be fed sparingly. Water should 
be furnished in small clean dishes or galvanized cups. An abrupt change 
from maintenance to the laying ration should never be made, especially 
where the latter differs radically from the former. Green feed should be 
fed daily and fine grit should be available at all times. 

Mating. Best results are usually obtained by placing one hen and one 
cock in an individual pen. Some pairs will not mate, and because of this 
they should be watched until the pairs have become mated. If they do 
not mate, the matings can be changed until the birds are properly paired. 
Unpublished data obtained at the Missouri Agricultural Experiment Sta- 
tion show that quail will tolerate a degree of polygamy. From 224 eggs 





Fig. 248. Breeding and laying pens 
are shown here and on the oppo- 
site page. Above, breeding coops, 
with grit and clabber containers on 
top, at White Oak Quail Farm, near 
Richmond, Virginia. (Courtesy Fish 
and Wildlife Service, U. S. Depart- 
ment of the Interior.) Right, a plan 
for a movable game bird pen for 
breeding stock or growing birds, 
(Courtesy More Game Birds in 
America Foundation.) 
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obtained from five pens, each containing one male and two females, 204 
eggs (91.07 per cent) were fertile. This was a higher degree of fertility 
than was obtained with paired matings. 

Egg production Bob whites start laying about the first of April in the 
South and a few weeks later in the northern states, but the exact time will 
vary with the weather and treatment of the birds. By the use of artificial 
lights quail can be brought into egg production before the natural time 
of laying. Results of experiments at the Missouri Agricultural Experi- 
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meat Station show that when quail are exposed to artificial lights at night, 
they come into early egg production and total annual egg production is 
increased. The number o£ eggs laid depends upon the birds, as well as 
upon feeding and management. Quail under the same treatment have 
been found to vary greatly in egg production. Wild trapped birds will 
not produce so many eggs as pen-raised birds. Twenty may be considered 
as a fair average for the first season, with an increase as the birds become 
tamer during the successive seasons. Pen-raised birds will produce up- 
ward of sixty eggs per hen per season. The Game Conservation Institute 
obtained an average of eighty eggs per hen. One quail, under artificial 
lights at night from January to May, at the Missouri station, laid 159 
eggs from February to September. 

Incubation 

Methods of incubating eggs of the domestic fowl apply to the bobwhite’s 
eggs. The two methods are natural and artificial. For a small number 
of eggs, it may be more profitable to use the hen, but there is greater 
danger of disease and parasites. The treatment of the eggs from the time 
they are laid to the time the young are hatched is a very important part 
of successful game bird propagation. 

Selection and care of the hatching eggs. Most gamekeepers advise 
gathering eggs once each week to reduce the number of times the birds 
are excited. If the birds have access to an outside pen and cannot see the 
gamekeeper when gathering the eggs, it is advisable to gather daily. Eggs 
allowed to remain in the nests during hot summer days are likely to start 
germination, and this results in lower hatchability. 

Care in gathering. Quail eggs must be handled carefully. Their shells 
are very brittle and are easily broken. The caretaker should let the birds 
know when he is approaching. If he whistles before nearing the pens, 
the birds will , become accustomed to him and may actually become 
friendly. 

Holding. The eggs that are being held for setting should be stored 
in a cool place (a temperature of 50 °F. to 60 °F. is desirable), and should 
not be subjected to widely varying temperatures. A basement or cellar 
usually proves adequate. The eggs should be stored with the small end 
down. Eggs should not be held longer than two weeks before being set. 

Operation of the incubator. Proper temperature, proper amount of 
moisture in the incubator, sufficient ventilation, and position of the egg 
are the important factors to consider in operating the incubator. 

Temperature. Quail eggs can be incubated very successfully at a tern- 
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perature slightly lower than that required for the incubation of chicken 
eggs. The best information on proper temperature can be obtained from 
the manufacturer of the particular incubator in use. Romanoff found 
that the most efficient temperatures for the incubation of quail eggs in a 
natural-draft machine was 101 ®F. throughout incubation. 

Humidity. The proper amount of moisture in the incubator is very 
important for the incubation of quail eggs. Too much moisture may 
prevent adequate evaporation necessary to allow space for the chicks to 
turn in the eggs and break the shell. Humidity is dependent upon mois- 
ture in the machine, ventilation, and condition of the room in which the 
machine is operated. Romanoff found that when the incubator is operated 
at a constant temperature and air circulation, a relative humidity rising 
from 65 per cent at the beginning of incubation to 75 per cent toward the 
end of the incubation period gave most satisfactory results. 

Ventilation. Ventilation is necessary for the control of humidity and 
in removing gases. It also furnishes oxygen. Most manufacturing com- 
panies give directions as to the amount the ventilators should be opened 
during the various stages in incubation. 

Turning the eggs. Quail eggs should be turned from two to five times 
daily for the first twenty days. Most incubators are equipped with devices 
which enable one to turn the eggs easily. 

Hatching the eggs. The eggs should be moved to the hatching tray 
where a high humidity is maintained. The hatching tray should be cov- 
ered or enclosed to prevent the active chicks from getting out of the 
tray. Pedigree baskets made of one-fourth-inch mesh wire prove good 
containers for the chicks. The chicks should be removed to brooders im- 
mediately after they are dry. 

Brooding 

For many years bantams or medium-size hens were used as foster 
mothers in brooding quail chicks (Fig. 249). Due to disease and im- 
provement in electric and other non-hen brooders, this practice is de- 
creasing. 

For large-scale production, the colony brooder house has proved most 
successful (Fig. 250). A two-compartment colony quail brooder, each 
compartment capable of accommodating one hundred birds, which was 
devised at the Game Conservation Institute in 1932, has been used suc- 
cessfully. The Missouri State Quail and Pheasant Farm built brooder 
houses of tile as protection against extremely hot and cold weather. 

Most heating units in use are electric hovers of which there are many 


674 


POULTRY 



Fig. 249. Natural brooding of game bjrds with chicken hens. The hen is confined to the 
coop and the young are confined to a small run, for the first few days, by the boards in 
front of the coop, 

types. Some game farms use hot water heated colony brooders success- 
fully. The heater should be dependable and supply a fairly constant tem- 
perature. 

A layer of sand and oat hulls one and one-half inches deep may be on 
the brooder floor. The sand should cover the area under the hover and 
the oat hulls the /-emainder of the floor. The temperature beneath the 
hover should be started at 95 ‘^F. and reduced about 5 degrees each week. 
The best indication of a proper temperature is the action of the chicks. 
Adjust the temperature to where the chicks show that they are comfort- 
able. The chicks should be confined to the hover for two days, during 
which time the house should be well ventilated. Then after two days 
the chicks can be given the run of the entire compartment in the day, 
but at night they should be confined to the hover. The chicks may be 
allowed access to the outside run after the fifth day, providing the weather 
is mild. 

Feeding, There are many tested commercial quail rations which may 
be used. For a beginner it is usually more profitable to use commercial 
feeds and follow the manufacturer’s directions. Some brands of feed are 
in pellets and some in meal form. It is important to obtain starting feed 
for young chicks and growing feed for older chicks. Feeding hard boiled 
eggs with mash to the very young chicks at the start may be of some 
benefit. Young chicks tend to cat the boiled eggs sooner than they will 
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Fig. 250. Above, brooders at White Oak Quail Farm, near Richmond, Virginia. (Courtesy 
Fish and Wildlife Service, U- S. Department of the Interior.) Below, colony brooder houses 
equipped with electric brooders and wire-floored sun porches for game bird propagation. 
(Courtesy E. W. Callenbach, Pennsylvania State College.) 


mash. Feed the boiled eggs from two to three times daily by pulverizing 
and sprinkling over the mash. The mash and fresh clean drinking water 
should be before the birds at all times. The most important thing to 
maintain is sanitation in feeding and watering at all times. Finely cut 
succulent green feed should be fed daily. Many game breeders feed a 
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wet mash, daily, for the first 
month along with the dry 
mash. Grit should be kept 
before the chicks at all times. 
The birds may be changed 
to growing mash after one 
month of age. Special uten - 
sils are necessary in feeding 
quail chicks because of -their 
small size. Very flat feeders 
are necessary for the 
younger chicks. Several 
companies manufacturing 
game equipment offer ade- 
quate utensils for feeding 
and watering of quail. 

Sanitation. The success of 
propagation of quail de- 
pends to a very large extent 
on sanitation. The drop- 
pings from the sand beneath 
the hover should be re- 
moved every morning, and 
all litter should be removed 
weekly. Confine the birds 
to the run when cleaning 

DEPARTMENT OF THE IN- houst. Care shouH be 

taken to keep all flies from 
finding a way into the pens. 
The water should be changed daily. All utensils should be washed in lye 
water to keep them clean. 
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Fig. 251. Ring-neck pheasant. (Drawing by Sim.) 


Pheasants 

Within recent years the rearing of pheasants has begun to attract at- 
tention in the United States, and propagating enterprises, ranging from 
a few birds to farms raising many thousands of birds, are found through- 
out the country. 

The original home of the pheasant was in Asia. Today, with the ex- 
ception of the cold northern regions, it is represented in all civilized 
countries of the world. The ring-necked pheasant imported from China, 
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its natural home, has a broad white ring about the neck (Fig. 251). It is 
called by various names, among them being Chinese pheasant, China 
pheasant, Chinese ringneck, Mongolian pheasant, Denny pheasant, and 
Oregon pheasant. The Englisji pheasant has no ring about the neck. It 
is imported from Europe and is commonly called the English pheasant, 
dark-necked pheasant, and Hungarian pheasant. There is also an Eng- 
lish ring-neck pheasant in America, a hybrid between the English and 
ring-necked pheasants. The Mongolian pheasant resembles the English 
pheasant except for a white ring about the neck. This species is the rarest 
of the four kinds in America. It is a native of Asia. Many other im- 
ported species are found occasionally in American parks and aviaries. 

History of the American Pheasant 

Five million pheasants are bagged annually in the United States. The 
leading states are South Dakota, Minnesota, Nebraska, North Dakota, 
Iowa, Wisconsin, Illinois, Pennsylvania, New York, New Jersey, Con- 
necticut, and Massachusetts. 

Probably the first ring-necked pheasants brought to the United States 
were bought by Judge Owen N. Denny in a Shanghai public market in 
1882. He bought four pairs of Chinese pheasants, costing thirty-five cents 
a pair. Admiral Hugh Rodman, United States Navy, Retired, assisted 
Judge Denny in arranging for the purchase. 

In the July, 1917 issue of Oregon Sportsman, Carl D. Shoemaker, then 
state game warden of Oregon, said: 

In 1882 Judge Denny sent the first live Chinese pheasants to America. The 
birds all died in Seattle following a rough voyage. The next shipment, about 
fifty, arrived in Portland and were liberated on the old Denny homestead in the 
Willamette Valley near Peterson’s Butte, Linn County. The liberation was the 
occasion for a big celebration. 

Judge Denny shipped pheasants to the state of Washington with great 

success. By 1892 fifty thousand pheasants were killed on the opening day 
of hunting. After this successful introduction an increased' interest in 
pheasants developed in the eastern and central states. English pheasants 
were successfully introduced into America early in the nineteenth century. 

Rearing pheasants for stocking purposes in America was given a great 
boost when in 1912 the American Game Association established demon- 
stration game farms and published a special bulletin on pheasant rearing. 

Many widely scattered releases failed to materialize into increased popu- 
lation. At the twentieth Game Association conference, Dr. A. A. Allen of 
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Cornell University, in discussing sex rhythm, gave the following explana- 
tion — which may be the answer: 

If a species is rare, territories large, competition not severe, a lack of synchro- 
nized breeding rhythm resulting in infertile eggs takes place. Final extirpation 
of species on the verge of extinction, such as the heath-hen and the passenger 
pigeon, might well have been accomplished because of a lack of synchronization 
in the mating cycles of the few males and females left. The failure of introduc- 
tion of foreign species when few individuals are liberated or the stock widely 
scattered is likewise explainable on the same basis. 

Natural Propagation of Pheasants 

In general the pheasants are birds which inhabit open or brushy country 
and not woodlands. They prefer swampy regions, brushy areas, or old 
meadows, where they can hide from their numerous enemies. 

Winter flocks. In the fall months the pheasants begin to congregate 
into flocks. The size of the flocks may vary greatly, depending on the 
number of birds in the vicinity. During the winter the flocks roam 
through the fields, usually in search of feed. They often come to barn- 
yards and associate with the domestic fowls. 

Courtship. As spring approaches, the large flocks break up into several 
smaller ones, and the males become less friendly toward one another. The 
males generally begin their crowing call in March, depending on the cli- 
matic conditions and the latitude. Soon after crowing commences, the 
cocks begin beating their wings. The call is a challenge to other males 
and an invitation to the females. 

Territories. The exact amount of territory which one male will defend 
is not known. It depends largely upon the environment and the number 
of birds in a given area. The male usually selects an elevated spot to do 
his crowing, which warns other males to keep away. Beebe believes that 
where there is a surplus of females the birds may be polygamous, but 
that often an individual male may care for only one mate and brood. 
Some writers believe pheasants are naturally polygamous in the wild, 
but some males may have monogamous tendencies. Generally, in the 
spring, one male will be seen with several females. 

Nesting. The pheasant will usually begin to lay in April or May, de- 
pending on the latitude and the climatic conditions. Birds may nest as 
late as September. Nests are generally found to be placed on the ground, 
usually in a small natural or scooped out depression. The nests are lined 
with grass, moss, or whatever materials are near the spot. Pheasants often 
build their nests under natural cover. Randall reported that studies made 
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Fig. 252. A hatch of ring-necked pheasant chicks. They may be shipped in chick box 
same as chicks. 


in Pennsylvania show a large mortality among phe^asant nests Only, 203 
ner cent o£ 310 nests under observation were successful. Less than one nest 
in four produced young. Only 23.1 per cent of 445 nests examined in Iowa 
by Hamraerstrom were successful. English reported that 34.8 per cent of 
nLts studied in Michigan hatched. Randall reported that causes of nest 
failures were mowing, 49.8 per cent; harvesting, 3.6 per cent; an cutting 
weeds, 2.0 per cent. Approximately 30 per cent of the losses were due to 

^ "eLT laying. The number of eggs in a clutch varies considerably 
Randall reported clutch size varying from 4 to 23, the average being 10 8 
eggs Hammerstrom’s studies showed a range in clutch size from 4 to 2 
eggs, averaging 11.2 eggs. The clutch size declines as the season advances 
fccubation. As a rule the female incubates the eggs with no ^^i^tance 
from the male. The setting hen is well protected on her nest, both by her 
coloration and by her lack of scent. Hammerstrom found that fertility 
varied but little between three seasons of study, and averaged 93.1 per 
cent. Randall reported 94.1 per cent fertility, with 90 per cent of all eggs 
hatching. The eggs develop and hatch on the twenty-third or twenty- 
fourth day of incubation (Fig. 252) . ,11 It 

Gare of the young. Soon after the young are hatched, usually within 
twelve to twenty-four hours, they are moved from the nest. As soon as 
the chicks grow strong enough to travel, the hen leads them in search of 
food After the young are six to seven weeks old, the cock bird occasion- 
ally wanders with the flock. By thirty to forty days of age the young birds 
are fully feathered. Pheasants do not increase greatly in weight until they 
have obtained most of their feathers. 
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Roosting, Generally pheasants roost on the ground, although it is not 
uncommon to find them roosting in trees. They do not form the roosting 
circle which is characteristic of the quail. 

Feeding. From studies made in Michigan, Dalke reported the follow- 
ing: Adult pheasants do not feed as soon as they leave the roost, but wan- 
der about, taking little food until about an hour after sunrise. They sel- 
dom feed during the middle of the day, summer or winter. The pheasant 
is an omnivorous feeder. Corn, wheat, and barley comprise 83 per cent of 
ail the grain eaten. Adult pheasants are not large consumers of insects and 
other invertebrates, in comparison with other food eaten. 

Artificial Propagation 

More pheasants than any other kind of game bird are raised by man, 
and probably nine-tenths or more of the total number of pheasants reared 
in this country are ringnecks. In the East the English ringnecks predomi- 
nate and in the West the Chinese ringnecks are most common. The hy- 
brid ringneck has a variety of qualifications which make it an outstanding 
bird to propagate artificially. It is prolific and also polygamous and suffi- 
ciently controllable to be a success on a game farm. It retains its wild in- 
stinct so that it can well protect itself when released. The bird seems to 
thrive better in the colder northern states. The same methods of propaga- 
tion may be applied with equal success in the rearing of all pheasant! 

Selection of breeding stock. Care should be used in selecting breeding 
stock. The birds should be carefully selected for health, vigor, egg produc- 
tion, purity of strain, and size. If possible, a nearby source should be 
chosen and the stock inspected. The breeders are generally selected in the 
fall and held in a comfortable pen until the matings are made in the spring. 

Management of breeding stock. The success of a pheasant enterprise 
depends largely upon the care and management of the breeding birds. To 
obtain the most profitable results from artificial propagation of pheasants, 
the birds must be comfortable at all times. 

Pens. The small game breeder can do away with some expense by 
using one enclosure for both holding and laying pen. These pens are 
usually large enough to accommodate one cock and five females and are 
portable to permit their being moved to fresh ground. These pens may 
vary in size. Many breeders use pens having dimensions 8 feet by 16 feet, 
3 feet high. The main problem is to have sufficient room for the breeding 
birds, and pens which can be moved. A shelter should be built in one end 
of the pen for protection from the weather and to furnish a place for ^eed' 
ing and laying. 
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Fig. 253. Pheasants at winter feeding hopper. 

Community pens are most economical for the large-scale breeder who 
prefers to rear birds under natural conditions. Most pens of this make 
are of the open type, and the wings of the birds are clipped to prevent es- 
cape, The size of these pens depends upon the number of birds which are 
to be used. For one hundred hens and twenty cocks a pen 150 feet by 150 
feet proves suitable. These pens should be constructed of inch mesh poul- 
try netting to prevent vermin from entering them. The pen should be six 
or seven feet high and extend from six to twelve inches below the surface 
of the ground. The ground should be well drained and covered with a 
good growth of vegetation. 

Mating. Pheasants should be taken from the winter holding pen and 
placed in laying pens about four weeks prior to the start of the mating 
season. This is usually done during March. Only the best birds should 
be used in matings, placing one cock bird with five females. 

Feeding. The breeders should be started on their laying ration when 
placed in laying pens. A gradual change should be made from wintering 
feed to the laying ration by adding a small portion of the laying ration to 
the scratch grain until nothing but laying ration is being fed. Many pheas- 
ant producers prefer feeding good commercial laying mash. The mash 
should be kept in hoppers and before the birds at all times. Oyster shell, 
grit, and charcoal as well as fresh drinking water should be kept before 
the birds also. Green feed should be provided. To avoid disturbing the 
birds, they should be fed and watered from the outside of the pen. The 
waterers should be washed daily and the feed should be kept free of con- 
tamination. 

Egg production. Pheasants start laying in April in most parts of the 
United States, but the exact time depends upon the weather and their man- 
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Fig. 254. Setting hen on pheasant eggs, showing feeding pen in foreground 


Incubation 

Artificial incubation has gone through an experimental stage, but it is 
now used by many breeders. It is especially desirable for large-scale pro- 
duction. Hens are still being used by some breeders (Fig. 254). 

Selection and care of the hatching eggs. It is necessary to collect eggs 
once a day. Gathering eggs twice a day is recommended for open pens 
to prevent thefts by crows and formation of egg-eating habits by the pheas- 
ants. The eggs should be graded for size, shape, and condition. Thin- 
shelled, cracked, undersized, or poorly shaped eggs should not be stored 
for setting. The eggs should be stored in a well-ventilated room ranging 
in temperature from 50°F. to 60°F. A cellar or basement is a satisfactory 
place to hold pheasant eggs. Pheasant eggs should not be held in storage 
longer than two weeks before they are set. 

Operation of the incubator. Factors affecting the incubation of the 
eggs of the domestic fowl and bob white also affect pheasant eggs. The 
care of the incubator in hatching quail and pheasant eggs, however, differs 
slightly. 

Temperature. Romanoff in 1934 found that the temperature require- 
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ments for pheasant and quail eggs are different, and that it would not be 
advisable to incubate them together in the same incubator, particularly at 
the end of the hatching period. He reported best results when a natural- 
draft machine was operated at 102® F. the first period, 101 ®F. at the second 
period, and 100 ®F. at the third or concluding period. 

Humidity* The proper amount of moisture depends upon the ventila- 
tion and conditions under which the incubator is operated. It is also de- 
pendent upon the make of the machine, which makes it advisable to follow 
the manufacturer’s instructions. Romanoff found that at constant temper- 
ature and air circulation, pheasant eggs require higher humidity at the be- 
ginning and lower at the end of incubation — that is, falling from about 75 
per cent relative humidity to 65 per cent. Three ways of determining the 
moisture condition of the eggs are by the rate of evaporation, measured by 
the size of the air cell; the loss of weight due to evaporation; and the wet- 
bulb thermometer readings. Fifteen per cent loss for the twenty-one days 
is recommended. 

Ventilation, The amount of ventilation varies with the type of ma- 
chine. Ventilation provides oxygen, eliminates carbon dioxide and other 
gases, and is a factor in the regulation of the evaporation. As a general 
rule, the ventilators are gradually opened to a maximum on the fifteenth 
day, but ventilation is reduced to a minimum when the eggs start to pip 
around the twenty-first day. 

Turning, Eggs should be turned three to five times daily. The Penn- 
sylvania Agricultural Experiment Station obtained best results when eggs 
were incubated for eighteen days at a relatively high humidity in an agi- 
tated-air or forced-draft incubator; and the eggs were hatched in a sec- 
tional, still-air incubator. 

Brooding 

There is a yearly increase in the number of game breeders using arti- 
ficial methods of brooding. Artificial brooding eliminates danger from 
the hen spreading diseases and parasites to the young, and economizes on 
land and labor. 

Equipment. Colony brooder houses prove satisfactory for pheasant 
raising. The Pennsylvania Agricultural Experiment Station brooded 
pheasant chicks satisfactorily in colony houses (Fig. 250) with attached 
wire-floored sun porches. California breeders use a colony brooder house 
in connection with concrete runs covered with sand until the birds no 
longer need heat. The house should be located in the center of a desirable 
range for the birds. The land should be well drained, fresh, and contain a 
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good growth of vegetation. Cleanliness, adequate floor space, dryness, 
sunlight, and ventilation are important factors to be considered in the 
brooder house. These conditions are important in practicing a sanitation 
program. 

Coal brooders, oil-burning stoves, electric hovers, or a hot water heating 
system may be used. The temperature at the outer edge of the hover 
should be regulated at 95 °F. for the first week. The floor of the brooder 
house should be covered with a dry litter of fine sand, oat hulls, or fine hay. 
It is necessary to keep the chicks near the heat until they are capable of 
finding their way to and from the stove. The feed and water should be 
placed near the stove for several days. After ring-necked pheasant chicks 
are six weeks to eight weeks of age, they should not be confined to a colony 
house and a small sun porch. 

Feeding. The successful propagation of pheasants depends in a large 
measure upon the use of a proper ration. For the first three to four days, 
young pheasants should have feed placed on paper or cloth spread over 
the litter. By sprinkling feed in front of the birds, they may be taught to 
eat more quickly. The following feeding results were obtained at the 
Pennsylvania Agricultural Experiment Station in 1934: 

1. Better early growth of ring-necked pheasant chicks was obtained on rations 
of higher protein content than those used for chicks o£ the domestic fowl. 

2. The best growth and feathering and the greatest feed consumption per 100 
chicks were secured through the use of a ration analyzing approximately 28 
per cent protein. 

3. A free-choice (cafeteria) ration did not give satisfactory results as measured 
by growth, feather development, or livability. 

4. The use of ordinary commercial (55 per cent protein) meat scraps and fish 
meal in the preparation of a high protein mash caused the development of an 
appreciable percentage of slipped tendons. 

Many pheasant breeders are using commercial rations, especially in 
brooder operations. These feeds are generally fed in the form of mashes 
or pellets or in combination with grain mixture. 

Skoglund in 1940 obtained excellent results, as measured by growth, 
feed consumption efficiency, mortality, cannibalism, and occurrence of 
perosis, from the following ration: 


Ground yellow corn meal. ....... 224 lbs. 

Wheat bran, 300 

Flour wheat middlings. 250 

Ground oats. 200 

Dried skim milk . ........... ... 250 
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Alfalfa leaf meal 100 

SO per cent protein meat scraps . . 221 

White fish meal SS 

Soybean oil meal. 390 

Salt.. 10 

Cod liver oil (400 A.O.A.C. chick 
units of vitamin D) S 


Sanitation. A sanitation program should be practiced at all timeSj 
which will prevent the outbreak and spread of disease. 

The Wild Turkey 

The scientific name of the North American wild turkey as well as all 
domesticated turkeys is Meleagris gallopavo. There are five wild varieties 
of Meleagris: the Mexican turkey of Mexico, the Merriam’s turkey found 
in southwestern United States (Fig. 208), the Rio Grande turkey of Texas 
and Mexico, the Florida turkey of Florida, and the Eastern turkey found 
throughout eastern United States during its settlement. 

At one time wild turkeys were abundant. Early writers have told of 
wild turkeys gathering in flocks of hundreds and migrating to new feed- 
ing areas. Wild turkeys are wide-ranging birds, requiring a larger area 
on which to roam than do most resident species. Some gobblers have been 
known to travel fifteen miles from their roosts. The wild turkeys in this 
country today chiefly inhabit deep woods and the borders of swamplands. 
One may also find them in the neighborhood of streams or in oak groves. 
When submarginal lands and wooded areas were taken over for farms, 
the turkey was driven off its best nesting and feeding ground. On many 
of its original ranges in the United States, the turkey is already gone. Var- 
ious factors have caused the depletion in numbers of this wild species, but 
the chief factor was the influence of man. 

Realizing the importance of the wild turkey as food in certain areas, as 
an object of sport, and as an insectivorous bird, and taking a lesson from 
the past when other species were permitted to die out, federal agencies, 
state governments, private organizations, and individuals are taking steps 
to save this species. 

Natural Propagation OF Wild Turkeys 

Wild turkeys inhabit the forest but wander into fields in search of food. 
They may be successfully introduced in farming regions, where the wood- 
lands are not large, provided that the area is large. They are polygamous, 
usually one gobbler caring for several hens. 
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Fig. 255. Wild turkey gobbler, Wichita Mountains, Wildlife Refuge, Oklahoma, 

Winter flocks. During the winter months the wild turkeys are in large 
mixed flocks, feeding and roosting together. During extremely bad 
weather and when food is scarce, they may wander near the farms and mix 
with domestic birds. 

Mating. As the spring days approach, the large mixed flocks begin to 
separate into small groups. Each small group usually is made up of about 
five birds, three or four females and one or possibly two males. The first 
sign of the mating or nesting season is the shifting of the range of the birds 
from the dense cover of the uplands to more open country and the break- 
ing up into smaller groups. 

Nesting. Usually each hen will withdraw from her group to locate her 
nest, but occasionally more than one hen has been found laying in the 
same nest Two hens are frequently found setting on the same nest. The 
turkey hen may select her nesting site in any one of many environments. 
She usually selects a site with good visability overhead and on at least two 
sides. She also prefers a place which offers facilities for an escape by flight. 
The hen will depend upon her coloration and sense of sight and hearing to 
escape from danger. The sides of logs, heavier limbs or treefalls, and jut- 
ting rocks offer choice nesting sites. The turkey nest is seldom far from 
water. The turkey hen makes regular trips to water and usually all water- 
ing is done at the same place. When the eggs begin to hatch, the hen ap- 


GAME BIRD PRODUCTION 


687 


parently does without water until her brood can follow her. The nest is 
usually only a slight depression in the ground which may have resulted 
from the bird wallowing^ or it may have been a natural depression. The 
hen pulls leaves and twigs around her while she is on the nest. Apparently 
most hens cqver their eggs when leaving their nests. 

Egg laying. The laying season may extend from the latter part of 
March to June, depending upon the climatic condition and the environ- 
ment. Blakey in 1937 reported that in Missouri the peak of the laying 
season may be placed in the last two weeks of April, and that of incubation 
during the last two weeks in May. The wild turkey hen usually lays one 
egg daily, each successive egg being laid a little later in the day. The hen 
may skip a day and begin over again, laying early in the morning. The 
hen generally runs with the family group after laying her egg. The av- 
erage clutches in the wild range from eight to sixteen eggs, with fourteen- 
to sixteen-egg clutches being most common. Artificially propagated wild 
hens will exceed this number, some birds laying twenty or more eggs. 
Blakey reported that measurements and weights of five hundred . eggs 
showed an average length of 59.75 mm. and width of 45.69 mm. with a 
weight of 66.55 grams. 

Incubation. The wild turkey egg requires twenty-eight days to hatch. 
After the last egg is laid, the hen may not set on the eggs regularly until 
the second or third day has passed. The hen does all the incubating, never 
being assisted by the gobbler, but the gobbler remains in the vicinity of the 
family group. The hen leaves the nest more frequently at first. Toward 
the last of incubation she leaves only for water, except during the }ast two 
or three days, when she doesn’t leave at all. As long as the hen feels that 
she is not seen, she will remain on her nest, relying on her coloration for 
concealment. Should the nest be located, the hen immediately leaves to 
seek cover elsewhere or acts crippled, a deception that is common to many 
birds trying to lead intruders from their nests or bx'oods. 

Hatching. The actual hatching period appears to cover one to two days, 
depending upon the treatment the eggs receive. Blakey reported that 
from 991 eggs incubated by restocked wild turkey hens, 87.6 per cent 
hatched, with a loss from all causes of 12.3 per cent of all eggs set. Of this 

12.3 per cent, 3.8 per cent were infertile; 1.1 per cent died in the shell; and 

7.3 per cent were lost to predators and unknown causes. 

Brooding. Soon after the poults are hatched, the hen leads her brood 
away in search of food. The poults are in great danger during this period. 
If the grass is too wet, the poults will suffer from exposure. The losses 
during the first and second weeks may be great in bad weather because the 
young birds cannot stand wetting and chilling. The hen does her best to 
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shelter the young poults during bad weather and at nights. The favorite 
range for the brood is generally borders of open fields near heavy cover. 
As the poults grow older, they may range farther into open fields in search 
of food. The brood feeds almost continuously, except when the birds rest 
during the extremely hot part of the day. Dusting is important in combat- 
ing fleas, lice, ticks, and chiggers. The poults require water daily. The 
water is generally obtained from dew which is on the ground cover, by 
green feed, or from small surface pools. If the poults survive, by fall they 
will be almost fully developed. 

Artificial Propagation of Wild Turkeys 

The methods of artificially propagating domestic turkeys can be used in 
propagating wild turkeys. If the birds are to be released, a method should 
be used which will insure the birds of retaining their wild instinct, which 
is necessary for the birds’ survival. Wildness results pardy from parental 
education and partly from reaction experience obtained from the environ- 
ment and from flocking with other turkeys. Characteristics which the 
wild turkey should possess are (1) reaction to man and predators, which 
makes the bird a desirable hunting resource and capable of protecting it- 
self, and (2) a reaction to the environment, which keeps the bird in good 
physical condition. It is important to breed only the native wild species 
for liberation. For more fully described methods of propagating turkeys 
see Chapter Sixteen. 

Selection of breeding stock. The greatest difficulty in propagating wild 
turkeys to be released in the wild has been to obtain turkeys that were true 
native wild turkeys. Only the true wild species should be selected for 
breeders. Even though one has native wild turkeys, there is great danger 
of the young birds becoming so domesticated that they cannot survive in 
the wild. In many localities no confined gobblers are utilized, but breed- 
ing pens are scattered throughout territories of the native wild turkey range 
where native gobblers are available. Poles are leaned against the fence to 
enable the wild gobblers to get into the enclosed pens. 

Pens. Some pens are made with five-foot field fencing, or rabbit wire. 
Other breeders prefer a seven- to nine-foot fence. The pen contains a pole 
roost which may or may not be protected by wire netting or a shed. Lay- 
ing facilities are furnished by scattering brush heaps over the breeding 
field. 

Feeding. Breeding birds may be fed on rations recommended in Chap- 
ter Sixteen for the domestic birds. The feed should be placed in feeders, 
scattered about the breeding area. 
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Egg production. Turkey hens under confinement do not generally nest 
in the usual manner. Several may lay in the same nest. They may pro- 
duce an average of fifty or more eggs during the breeding season. The 
eggs should be collected daily and should be held in a cool, moist, well- 
ventilated room. They may be held from one to two weeks before they 
are placed in the hatchery. To obtain the greatest number of eggs from 
the hens, artificial incubation should be practiced. 

Incubation. Factors affecting the hatching of domestic turkey eggs 
also affect the hatching of wild turkey eggs. The operation of the incuba- 
tor should be the same as that recommended in Chapter Sixteen. 

Brooding. Wild turkey poults may be brooded in the same manner as 
domestic poults. Proper brooding facilities include the brooder house, 
which offers adequate ventilation without drafts, maximum degree of 
light, a wire-bottom sun porch, a properly regulated brooder stove which 
supplies sufficient heat, and other facilities for feeding and watering. The 
poults are raised in the brooder house until six to eight weeks of age and 
then moved to range pens. Feeding recommendations for the poults are 
the same as recommendations for domestic poults. The poults are held in 
the smaller range pens until fourteen to eighteen weeks of age, at which 
time they are released in the wild. One method of propagating poults is to 
allow the hen to hatch and brood the poults until they are six to eight 
weeks of age, at which time the hen and brood are released. 

Propagation of Other Upland Game Birds 

Chukar partridge. One of the newest game birds in this country is the 
chukar partridge. This species has been liberated in many states and with 
success in some states. The species is one of many originally found in Asia 
and southern Europe. This introduced species’ home was along the south- 
ern slope of the Himalaya mountains. The chukar can apparently stand 
any climate other than regions excessively damp. In its native home, it is 
found at altitudes ranging from sea level to more than 15,000 feet. The 
adult bird weighs from one to two pounds, which makes the bird about 
four times larger than our native bobwhite. In general the bird’s color is 
buff to gray, with a black necklace around the throat and vertical bars of 
black and brown on the sides. Red feet and beak are characteristics of 
the adult birds. The males can be distinguished from the females by their 
larger heads and body, coarser features, and by their more pronounced 
spur buds after the first year. The chukar has a very powerful flight, usu- 
ally flying down hill, if possible, when flushed. 

Natural propagation. In the wild the birds are monogamous. The 



■ 


690 


POULTRY 



chukar builds its nest in a hollow 
scratched in the ground, usually lined 
with grass or leaves. Sometimes they 
are built in the open or they may be 
located in the protecting shelter of 
shrubs or large rocks. The nest is gen- 
erally difficult to find. A normal 
clutch in the wild is about twelve to 
fourteen eggs, which are yellowish- 
white speckled with brown. The 
young arc brooded in a manner sim- 
ilar to the brooding of quail chicks by 
the adults. The pairs gather into 
coveys during the fall, and remain in 
coveys until the following spring, at 
which time they break up into pairs. 
The food of the wild chukar consists 
of berries, insects, grain, and green 
shoots. 

Artificial propagation of Chukar 
partridge. The chukar can be artifi- 
cially propagated as easily as any other 
game bird. Methods used for prop- 
agating quail and pheasants can be 
used in propagating chukars. The 
birds are generally paired, but the 
Missouri Agricultural Experiment 
Station obtained better results, as measured by fertility and hatchabihty, 
from a pen having one male mated to four females than from single 
pair matings. The average egg production for chukars in confinement 
is practically the same as for quail. One female, under artificial lights 
at night from January to May, laid 145 eggs from' February to September 
at the Missouri Agricultural Experiment Station. The chukar generally 
starts laying in April and continues into August or September. The 
chukar partridges can be brooded and reared the same as quail. Fade 
in 1935 reported that no other game bird was as easily brooded as the baby 
chukar. 

Ruffed grouse. There are four recognized races of this grouse (Fig. 
257), the ruffed grouse, , the Canada ruffed grouse, the Oregon ruffed 
grouse, and the gray ruffed grouse. This species is distributed over a large 
part of the wooded region of the United States and Canada. The ruffed 
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Fig. 256. Chukar partridge at winter 
feeding hopper. 
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grouse is a hardy dweller in 
forests, deep thickets, and on 
rocky mountain slopes. It will 
disappear from regions de- 
pleted of trees. Its drumming 
is a pleasant and common 
sound of the woods where the 
species is found. The drum- 
ming usually is a call to tlie 
female or a challenge to com- 
bat. Often the male will drum 
apparently for no purpose 
other than for exercise. The 
bird^s startling noise when ris- 
ing and its powerful flight 
make it a very good game bird. 

Natural propagation of 
ruffed grouse. The ruffed 
grouse is a polygamist. The 
grouse nests on the ground, but 
the nest is protected from 
prowlers by the female’s colora- 
tion and lack of scent. The 
nest is generally in thickets, 

I woods, or dense undergrowth, partridge.- 

i sheltered under a log, stump, or (U. S. D. a. Farmers^ Bulletin 497.) 

I tree. The nest is constructed 

I of old grass, twigs, leaves, roots, and a few feathers. The average 

I clutch size is usually ten to fifteen eggs, the eggs varying from whitish 

I to brownish in color. The brood leaves the nest as soon as the natal 

I down is dry, but does not range far from the neighborhood of the nest. 

I The young generally feed themselves, the mother spending her time 

watching for enemies. The chicks can use their wings in about a week 
I after they leave the nest and can fly a good distance within three weeks. 

I As the birds grow older, they learn to roost by themselves in shrubs or 

I trees. By October the birds begin to lay on fat and to grow downy 

I covering for body and legs to protect them during winter. The birds 

may move from the higher regions to swamps and valleys for food 
and shelter during winter and there they remain until the spring days^ 
bring forth the mating instinct. 

Artificial propagation of ruffed grouse. The system used in rearing 
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quail can be applied to grouse. 
Grouse eggs are easy to hatch 
in an incubator and by using 
a good sanitation program and 
by proper feeding the young 
birds can be grown to maturity 
successfully. 

Prairie chicken. This species 
is distributed from Michigan 
and Indiana southward to 
Texas and westward to the 
Great Plains (Fig. 258) . They 
have been greatly reduced in 
numbers because of predators 
and the destruction of their 
food and cover. The food of 
prairie chickens consists of 
many insects and green feed in 
the summer, and fruit, seeds, 
and grains during the winter. 
The bird nests on the ground 
in open prairie country, the 
nest usually being sheltered by 
grass or bushes. It is placed in 

Fig. 258. Proina Chicken. (U. S. D. A. Formers' ^ depression in the 

Bulletin 497.) ground and lined with grass 

and a few feathers. Eight to 
twelve eggs make a clutch. Very few prairie chickens have been artifi- 
cially propagated. 

Sage hen. The sage hen is the largest of the upland game birds, ex- 
cepting only the wild turkey. It inhabits the sage brush plains from Can- 
ada south to California and New Mexico. This species has rapidly de- 
creased in numbers. The bird nests on the ground, usually under a sage 
brush and near a spring or stream. The birds are polygamous and have 
special mating grounds. In winter they assemble in groups and usually 
find protection and food in the valleys or in the timber. Their food con- 
sists of insects and sage leaves. 

Hungarian partridge. These birds are descendants of birds that have 
been imported and released in the United States. They are generally mo- 
nogamous and are usually penned in pairs in artificial propagation. These 
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birds have multiplied quite rapidly in Canada and several states in the 
United States, especially Oregon and Washington, This species has also 
thrived in Wisconsin, Ohio, North and South Dakota, Montana, Illinois, 
and Iowa. Some birds are found in other states. Hungarian partridges 
have very little use for timber and brush. They seem to dislike swamps 
and prefer grass fields rather than fence rows and woods in which to build 
their nests. Winter food can be furnished by planting corn, kaffir, or sor- 
ghums. Rearing 'equipment and methods are similar to those for quail. 
Feeding may follow the recommendations given for quail and pheasants. 
In the wild, the birds are rapid flyers and, therefore, good targets for 
sportsmen. 


Releasing Artificially Propagated Game Birds 

To obtain the maximum results, all birds should be released in an area 
that best meets their requirements. For the upland game birds, the first 
recommendation for an ideal area is suitable cover. Before releasing game 
birds, everything possible should be done to improve the food conditions 
and increase the protection of the birds by improving the cover and by 
freeing the area from the more destructive enemies. Having obtained an 
area with adequate cover for protection, and sufficient food and nesting 
facilities, certain directions can be followed in liberating the birds. The 
best season of the year for releasing birds is in the spring after the leaves 
and grasses are beginning to turn green. The birds should be fed before 
releasing, preferably on green succulent feed. The birds should be taken 
to the selected covert late in the evening to prevent them from wandering 
too far before becoming localized. The coop should be placed so that the 
opening faces the cover. It is advisable to scatter some grain around the 
box before opening the door for release. The birds should never be forced 
from the coop; allow them to walk out of their own accord. The birds 
may be enticed to remain in the area if some feed is scattered near the cover 
occasionally. The number of birds to release in an area depends upon the 
species and upon the environmental factors such as food supply, cover, and 
number of wild birds already present in the area. Two to six pairs of quail 
are usually released to a cover. With pheasants best results are secured 
where cocks and hens are released in the ratio of one cock to three hens. 
For wild turkeys, it is recommended that a flock of about fifteen birds be 
released together. It is best to release the younger turkeys, fourteen to 
eighteen weeks appearing to be the best age for liberation. It is best to re- 
lease the artificially propagated turkeys near wild turkey ranges. 
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Waterfowl 

The North American continent has always possessed a great variety and, 
at one time, an abundance of waterfowl. Most species were abundant as 
late as forty years ago, but the beginning of the twentieth century marked 
a perceptible decrease of waterfowl In many instances the decrease has 
been alarming. This decrease has been attributed to several factors, in- 
cluding (1) destruction of water and marsh lands once used for feeding, 
nesting, and breeding grounds; (2) a large number of hunters taking a 
heavy yearly toll; (3) pollution of waters; (4) disease and parasites; and 
(5) natural enemies. Agriculture has claimed vast areas of land once in- 
habited by wild fowl. The great breeding grounds of the North and West 
once possessed all requisites for waterfowl existence. Prairie grasses af- 
forded good nesting cover. The many lakes, streams, and potholes of- 
fered unlimited food and protection. Most of the breeding and nesting 
grounds within the United States have been destroyed by man or drought. 

Realizing the possibility of waterfowl vanishing completely, federal 
agencies, state governments, and many private organizations are studying 
means of increasing the number of waterfowl. 

Three species of waterfowl — ducks, geese, and swans— make up the 
greater part of the artificially propagated aquatic game birds. Several 
thousand waterfowl are propagated annually in the United States, ducks 
being propagated in greatest numbers. The mallard is the most common 
and most important species of the duck family. This species is found in 
most of North America and is plentiful except in regions where it has been 
destroyed. Wild mallards have furnished sport for man for many years 
and tame mallards have been used for food for centuries. The mallard is 
the chief waterfowl of most game preserves. This species is a hardy one, 
staying in the cold regions as long as food and fresh water are plentiful. 
When water freezes in the north, they migrate southward. There are 
numerous other species of ducks in North America. 

The Canada goose is familiar to nearly everyone. It nests in the north- 
ern regions of North America and migrates to the southern states during 
the fall. The Canada geese feed largely on vegetable matter as do most 
waterfowl. They often enter the grain fields during the fall migration. 
The Canada goose is rather easily reared from pairs held in captivity. The 
birds are allowed to hatch their eggs and rear their young. 

The swans are distributed over North America. At one time they were 
abundant, but large numbers were killed by man and today they are 
scarce. 
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Fig. 259. Map of a 160-acre corn-belt farm before it was improved for wild life. (See also 
Figure 260.) Hogs use orchard in foreground; no trees on lawn about farm buildings; only 
one covey of quail (Q in circle) on farm. 

Aiding Game Birds in Their Natural Environment 

Very few farms are entirely free from waste areas where food and cover 
can be provided for game birds. Allowing these waste areas to grow natu- 
ral vegetation may provide sufficient food and cover. Cover is probably 
the most important factor in game production. It protects the birds against 
their predator enemies and also extreme climatic conditions such as heat, 
cold, snow, and storms. Game birds also need cover in which to nest and 
rear their young. The quail, pheasant, and partridge will nest in the edges 
of fields of grain or grass, roadside thickets, and along the margin of 
woodlands. 

Many birds seem to prefer nesting in grain and hay fields. The farmer 
who is interested in saving his game bird crop should use means to avoid 
destroying the nests or the young birds while harvesting. A simple home- 
made device can be fastened to the harvesting machinery to flush the birds 
ahead of the cutterbar, enabling the driver to avoid destroying the nest or 
the young birds. 

A good water supply should be available if game birds are expected to 
survive and increase on the farm. Ponds well distributed offer good water- 
ing facilities for the upland game birds and may be used by waterfowls. 
Vegetation should be allowed to grow in and near the pond to furnish 
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Fig. 260. Map of farm shown In Figure 259 after it had been improved for wild life. Woods 
and marsh fenced and ungrazed; pond constructed in marsh; rubbish heap surrounded by 
trees; gullies planted; orchard protected from hogs; trees planted on lawn; wheat acreage de- 
creased and alfalfa acreage increasd to offset woods formerly grazed; A, windbreak round 
buildings; B, millet patch; C, standing corn feed patch; D, hay strip left standing; E, shocks 
of corn left in field; F, cover patches— low spruces, large thorny roses, grapevines, sumac, hay. 
Numerous quail covies now on farm. (U. S. D. A. Farmers' Bulletin 1719.) 

food for waterfowl as well as protection for the land birds while drinking 
or bathing. 

Winter feeding. In many areas under normal conditions there is suffi- 
cient food and cover during the spring, summer, and fall for most game 
birds. Winter is a critical period for all species of birds because during 
this period the birds meet numerous hardships. Food supplies diminish 
in quantity and quality, coverts become bare of foliage and therefore the 
birds become exposed to excessive cold, deep snows, and blizzards. If 
birds obtain sufficient food, they can stand considerable cold and with 
man’s aid by feeding, they can survive many hardships. The feeding 
should be carried on over an extended period because short intermittent 
feeding, although helpful, is not completely satisfactory. The feeding, to 
be of most value, should be planned and continued throughout the critical 
period, which is the entire winter. 

Upland game birds. The natural winter foods of upland game birds 
are chiefly weed seeds, buds, dried fruits, and dried berries. Acorns ar<g 
also relished as well as other nuts. These natural foods seldom supply the 
birds’ needs, unless large patches of weeds are allowed to grow. But farm- 
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ers consider weeds undesirable and, therefore, destroy them before they 
bear fruit. 

On some farms there may be a shortage of food only, but many farms 
may be scarce of both food and cover. There are many types of shelters 
that can be built which will protect the birds from adverse weather as well 
as providing a place for feeding. A shelter may be constructed of either 
brush or fodder. The best results are generally obtained from the simpler 
and more natural feeding stations which require little attention. (Figs. 
259 and 260). Winter feeding of birds can be accomplished by leaving 
corn standing or shocked in the field. If it is possible, a small patch of 
barley, rye, or wheat should be left close to cover. Other grains such as 
milo, sorghums, buckwheat, and kaffir are relished by most upland game 
birds during the winter. 

Waterfowl, Although waterfowl are migratory, they are often in need 
of feed. Severe winters may reach far into the South to freeze the waters 
and cut off the natural food supply. At this time the birds are much in 
need of food. They welcome feed such as corn, wheat, rice, barley, or 
other grains. The feed should be scattered near the water where they nor- 
mally feed. 

Waterfowl are benefited immensely by the construction of artificial ponds 
and lakes. Lakes and ponds are built by constructing dams across water 
courses. The dam should be located at a site which will prevent its being 
washed out by storms and where enough water will be caught to keep the 
pond or lake full and fresh. Earthen dams are generally the most simple 
and practicable type, but rock-filled and concrete dams are usually more 
durable. Food and cover are essential requirements for a good pond or 
lake. The waterfowl’s food consists largely of tubers, stems, leaves of water 
plants, shoots and seeds of grains and grasses, and fruits of trees and shrubs. 
Water plants are affected by several factors, including (1) quality of the 
soil, (2) climatic condition, and (3) condition of water. The turbidity and 
level of water should be controlled as much as possible by terracing, proper 
rotation of crops, and by construction of spillways. 
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Appendix 


Agricultural Colleges and Experiment Stations in the 
United States and Canada 

Agricultural colleges and experiment stations offer publications cover- 
ing many agricultural subjects, including poultry. A list o£ the available 
bulletins, circulars, leaflets, etc., and information regarding them may be 
obtained from the institutions. Except where otherwise noted, the state 
experiment stations in the United States are at the colleges of agriculture. 


united states 


Alabama 

Auburn 

Massachusetts 

Amherst 

Alaska 

College 

Michigan 

East Lansing 

Arizona 

Tucson 

Minnesota 

St. Paul 

Arkansas 

Fayetteville 

Mississippi 

State College 

California 

Berkeley 

Missouri 

Columbia 

Colorado 

Fort Collins 

Montana 

Bozeman 

Connecticut 


Nebraska 

Lincoln 

College and 


Nevada 

Reno 

station 

Storrs 

New Hampshire 

Durham 

Station 

New Haven 

New Jersey 

New Brunswick 

Delaware 

Newark 

New Mexico 

State College 

Florida 

Gainesville 

New York 


Georgia 

Athens 

College and 


Hawaii 

Honolulu 

station 

Ithaca 

Idaho 

Moscow 

Station 

Geneva 

Illinois 

Urbana 

North Carolina 

Raleigh 

Indiana 

Lafayette 

North Dakota 

Fargo 

Iowa 

Ames 

Ohio 


Kansas 

Manhattan 

College 

Columbus 

Kentucky 

Lexington 

Station 

Wooster 

Louisiana 

University 

Oklahoma 

Stillwater 

Maine 

Orono 

Oregon 

Corvallis 

Maryland 

College Park 
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Pennsylvania 

State College 

Washington 


Puerto Rico 

Rio Piedras 

College and 


Rhode Island 

Kingston 

station 

Pullman 

South Carolina 

Clemson 

Station 

Puyallup 

South Dakota 

Brookings 

West Virginia 

Morgantown 

Tennessee 

Knoxville 

Wisconsin 

Madison 

Texas 

College Station 

Wyoming 

Laramie 

Utah 

Logan 

United States 


Vermont 

Burlington 

Department of 

Washington, 

Virginia 

Blacksburg 

Agriculture 

D. C. 


CANADA 


Alberta 

Edmonton 

Quebec 

Macdonald Col 

British Columbia 

Vancouver 


lege 

Manitoba 

Winnipeg 

Dominion De- 

Nova Scotia 

Truro 

partment of 


Ontario 

Guelph 

Agriculture 

Ottawa 

Saskatchewan 

Saskatoon 




ABSTRACT JOURNALS 

Hundreds of scientific publications which contain agricultural informa- 
tion, including poultry, are published annually. The data from the bulle- 
tins and articles are summarized in brief abstracts and published in special 
abstract journals. Some of these are as follows: 

Biological Abstracts. Philadelphia, Pa. 

Chemical Abstracts. Columbus, O. 

Experiment Station Record. Washington, D. C. 

International Review of Poultry Science. Rotterdam, Holland. 

Poultry Digest. Hanover, Pa. 

SCIENTIFIC JOURNALS 

Many scientific journals regularly or frequently contain articles includ- 
ing poultry data. Some of these journals are as follows: 

American Journal of Anatomy. Philadelphia, Pa. 

American Journal of Cancer. Baltimore, Md. 

American Journal of Hygiene. Baltimore, Md. 

American Naturalist. New York City. 

Anatomical Record. Philadelphia, Pa. 

Biochemical Journal. London, England. 
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Biological Bulletin. Woods Hole, Mass. 

Canadian Journal of Research. Ottawa, Canada. 

Cornell Veterinarian. Ithaca, N. Y. 

Endocrinology. Los Angeles, Cal, 

Genetics. Brooklyn, N. Y. 

Hilgardia. Berkeley, Cal. 

Journal of Agricultural Research. Washington, D. C. 

Journal of Agricultural Science. London, England. 

Journal of the American Veterinary Medical Association, Chicago, 111. 
Journal of Bacteriology. Baltimore, Md. 

Journal of Biological Chemistry. Baltimore, Md. 

Journal of Comparative Pathology and Therapeutics. London, England. 
Journal of Economic Entomology. Geneva, N. Y. 

Journal of Experimental Biology. London, England. 

Journal of Experimental Medicine. Baltimore, Md. 

Journal of Experimental Zoology. Philadelphia, Pa. 

Journal of General Physiology. Baltimore, Md. 

Journal of Helminthology. London, England. 

Journal of Heredity. Washington, D. C. 

Journal of Infectious Diseases. Chicago, 111. 

Journal of Morphology and Physiology. Boston, Mass. 

Journal of Nutrition. Philadelphia, Pa. 

Journal of Parasitology. Urbana, 111. 

Physiological Reviews. Baltimore, Md. 

Poultry Science. Columbus, Ohio. 

Science. New York City. 

Scientific Agriculture. Ottawa, Canada. 

United States Egg and Poultry Magazine. Chicago, 111. 

Veterinary Medicine. Chicago, 111. 


POPULAR POULTRY JOURNALS 

Many popular poultry journals and farm papers contain practical poul- 
try information. Some of the poultry journals are as follows: 

American Poultry Journal. Chicago, III. 

Eggsaminer. Portland, Ore. 

Everybody's Poultry Magazine. Hanover, Pa. 

Hatchery Tribune. Mount Morris, 111. 

New England Poultryman. Boston, Mass. 

Nulaid News. San Francisco, Cal. 

Poultry Item. Sellersville, Pa. 

Poultry Supply Dealer. Chicago, 111. 

Poultry Tribune. Mount Morris, 111. 

Turkey World. Mount Morris, 111. 
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Table 1 


COMPOSITION OF POULTRY PRODUCTS AND FEEDSTUFFS ^ 


F EEDSTUFFS 

Water 

(Mois- 

ture) 

Ash 

(Min- 

erals) 

Crude 

Protein 

Carbohydrates 

■ Fat, or 
Ether 
Extract 

Crude 

Fiber 

Nitrogen- 

Free 

Extract 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Poultry Products 







New-laid egg, entire 

6S.9 

10.0 

12.8 



10.6 

Chick, at hatching time 

78.8 

1.9 

15.3 

. . . 


4.1 

Broiler, entire bird 

65.8 

3.9 

23.2 



5.6 

Leghorn hen, entire fowl 

55.8 

10.0 

12.8 



10.6 

Grains and Seeds 







Barley 

10.4 

2.9 

11.8 

5.9 

66.9 

2.1 

Barley (Pacific Coast States) . . . . 

10.1 

2.6 

8.7 

5.7 

71.0 

1.9 

Beans, navy 

13.4 

3.6 

22.7 

5.8 

53.0 

1.5 

Beans, pinto 

9.1 

4.5 

22.7 

4.5 

58.0 

1.2 

Bread 

33.8 

1.5 

7.9 

.7 

55.4 

.7 

Brewers’ grains, dried 

7.0 

3.7 

26.2 

14.7 

41.8 

6.6 

Broomcorn 

11.6 

3.1 

10.5 

8.3 

63.0 

3.5 

Buckwheat 

11.9 

1.8 

10.1 

10.4 

63.5 

2.3 

Buckwheat middlings 

11.4 

4.7 

28.6 

6.0 

42.2 

7.1 

Coconut meal (old process) 

9.3 

6.1 

20.5 

11.1 

44.7 

8.3 

Corn 

11.9 

1.3 

9.3 

2.1 

71.2 

4.2 

Corn, Argentine .' 

11.0 

1.7 

11.0 

1.8 

68.8 

5.7 

Corn, bran 

9.9 

2.3 

9.9 

9.6 

61.6 

6.7 

Corn meal 

11.2 

.9 

8.8 

1.1 

75.5 

2.5 

Corn-gluten feed. 

9.7 

6.1 

25.9 

7.2 

48.5 

2.6 

Corn-gluten meal 

8.9 

1.5 

43.0 

2.6 

42.1 

1.9 

Cottonseed meal (41% protein) . . 

7.5 

5.8 

41.8 

11.4 

27.1 

1 6.4 

Cowpeas 

11.1 

3.5 

23.5 

4.1 

56.3 

1.5 

Distillers’ grains (corn) 

7.0 

2.3 

31.2 

11.5 

37.5 

10.5 

Durra 

10.0 

2.0 

10.2 

1.7 

72.6 

3.5 

Feterita 

10.2 

1.6 

13.2 

1.8 

70.2 

3.0 

Field peas 

9.3 

3.3 

23.3 

5.9 

57.0 

1,2 

Flaxseed 

10.3 

4.4 

22.3 

7.1 

23.1 

32.8 

Garden peas 

11.8 

3.0 

25.6 

4.4 

53.6 

1.6 

Hempseed 

7.6 

5.9 

22.9 

18.6 

18.4 

26.6 

Hempseed meal 

7.3 

7.8 

31.7 

23.9 

25.3 

4.0 

Hominy (pearled) 

11.8 

.7 

7.4 

.6 

77.6 

1.9 

Hominy feed 

8.8 

2.9 

11.0 

5.1 

65.5 

6.7 

Kafir....... 

11.7 

1.6 

11.5 

2.0 

70.1 

3.1 

Linseed meal (old process) 

9.4 

5.8 

35.3 

8.5 

35.0 

6.0 

Malt sprouts . 

7.9 

5.9 

26.0 

13.0 

45.7 

1,5 

Millet (proso) 

9.6 

3.4 

11.6 

8.7 

63.1 

3.6 

Milo.............. 

11.0 

2,0 

11.0 

2.2 

70.9 

2.9 

Oats.. 

10.1 

3.4 

11.2 

11.3 

59.5 

4.5 

Oatmeal, or rolled oats 

8.6 

2.2 

16.2 

2.1 

64.2 

6.7 

Peanuts (hulls on) 

6.0 

2.8 

24.8 

17.8 

14.0 

34.6 

Peanut kernels 

5.4 

2.3 

30.4 

2.7 

11.6 

47.6 

Peanut meal (no hulls) (old 







process)... 

6.9 

5,6 

45.7 

9.2 

24.0 

8.6 

Rice (whole) 

10.3 

4.7 

7.9 

8.8 

66.3 

2.0 


^Mostly from U. S. D. A. Yearbook of Agriculture, 1939, 
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COMPOSITION OF POULTRY PRODUCTS AND FEEDSTUFFS (cODt’d.) 


Feedstuffs 

Water 

(Mois- 

ture) 

Ash 

(Min- 

erals) 

Crude 

Protein 

1 Carbohydrates 

Fat, or 
Ether 
Extract 

Crude 

Fiber 

Nitrogen- 

Free 

Extract 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Rice (polished) 

11.8 

.5 

7.5 

.4 

79.4 

.4 

Rice bran 

8.8 

10.9 

13.0 

12.5 

41.1 

13.7 

Rye 

10.7 

2.0 

11.5 

2.1 

72.0 

1.7 

Soybeans 

8.8 

4.8 

37.9 

5.0 

26.6 

16.9 

Soybean meal 

9.1 

5.6 

43.9 

5.9 

30.0 

5.5 

Shallu 

10.0 

1.8 

12.9 

1.8 

70.0 

3.5 

Sunflower seed 

7.4 

3.4 

16.0 

28.6 

21.4 

23.2 

Sunflower seeds (hulled) . 

5.0 

3.8 

28.0 

6.0 

16.2 

41.0 

Velvetbeans 

10.0 

3.0 

24.8 

6.2 

50.8 

5.2 

Wheat i 

11.0 

1.8 

12.4 

2.4 

70.5 

1.9 

Wheat bran 

10.2 

5.9 

15.6 

9.0 

55.1 

4.2 

Wheat flour 

12.9 

.4 

10.7 

.4 

74.2 

1.4 

Wheat-flour middlings 

10.5 

3.5 

17.0 

5.1 

59.3 

4.6 

Wheat-germ meal 

8.7 

4.6 

28.9 

2.7 

44.7 

10.4 

Wheat middlings (standard) .... 

11.1 

4.1 

16.9 

6.6 

56.6 

4.7 

Wheat red-dog flour 

10.2 

2.7 1 

16.9 

3.2 

62.6 

4.4 

Wheat shorts (gray) 

10.3 

4.1 

17.6 

5.5 

58.0 

4.5 

Feeds of Animal Origin 







Beef scrap 

6.5 

21.5 

58.0 

2.2 

.7 

11.1 

Bone meal, steamed 

3.1 

73.8 

13.0 

.8 

2.8 

6.5 

Bone meal, special steamed 

3.1 

85.1 

6.5 

2.6 

2.1 

.6 

Buttermilk 

90.8 

.8 

3.2 

.0 1 

4.6 

.6 

Buttermilk, condensed 

71.6 

3.5 

10.6 

.0 

12.2 

2.1 

Buttermilk, dried 

7.1 

10.1 

33.4 

.4 

44.0 

5.0 

Crab meal 

8.1 

40.1 

' 34.7 

8.5 

6.5 

2.1 

Fish meal (average of uniden- 







tified fish meals) 

8.0 

19.7 

60.4 

.7 

3.5 

7.7 

Fish meal, herring 

9.1 

12.1 

66.0 

1 .6 

3.0 

9.2 

Fish meal, menhaden. 

8.0 

20.4 

57.5 

.8 

4.1 

9.2 

Fish meal, whitefish (high ash). . . 

7.8 

26.0 

61.6 

i .4 

1.2 

3.0 

Fish meal, whitefish (low ash) . . . 

12.1 

17.6 

60.9 

i .6 

.1 

8.7 

Fish meal, sardine 

8.0 

15.0 

67.0 

.4 

3.6 

6.0 

Fish meal, tuna 

5.0 

20.2 

60.7 

.4 

5.1 

8.6 

Liver meal, Argentine 

5.0 

5.0 

65.4 

.8 

9.8 

14.0 

Meat scrap (55% protein) 

6.7 

24.2 

55.2 

2.2 

1.0 

10.7 

Meat-and-bone scrap (50% pro- 







tein) . 

6.0 

29.2 

50.0 

2.1 

1.8 

10.9 

Pork liver, dried 

4.8 

5.3 

63.7 

.4 

15.0 

10.8 

Pork cracklings 

5.0 

2.3 

56.4 

.0 

4.1 

32.2 

Shrimp meal (or bran). 

11.0 

33,9 

42.0 

9.5 

1.4 

2.2 

Skim milk 

90.5 

.7 

3.5 

.0 

5.1 

.2 

Skim milk, dried 

6.0 

7.9 

35.0 

.0 

50.0 

1.1 

Tankage (60% protein) 

8.0 

19.5 

59.8 

2.7 

1.8 

8.2 

Whey. 

93.7 

.6 

.8 

.0 

4.9 

.0 

Whey, dried 

6.3 

8.5 

12.5 

.3 

71.7 

.7 

Green Feeds y etc. 







Alfalfa, fresh ...... ....... 

73.8 

2.5 

4.6 

7.5 

10.7 

.9 

Alfalfa-leaf meal. ... ... 

7.8 

12.0 

20.4 

17.1 

40.1 

2.6 
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COMPOSITION OF POULTRY PRODUCTS AND FEEDSTUFFS (cont’d.) 


Feedstuffs 

Water 

(Mois- 

ture) 

Ash 

(Min- 

erals) 

Crude 

Protein 

j Carbohydrates 

Fat, or 
Ether 
Extract 

Crude 

Fiber 

Nitrogen- 

Free 

Extract 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Alfalfa meal 

8.3 

8.7 

16.0 

27.3 

37.2 

2.5 

Beet pulp, dried 

9.0 

3.3 

9.3 

19.1 

58.5 

.8 

Cabbage 

90.8 

.8 

1.8 

1.1 

5.2 

.3 

Cane molasses 

24.8 

8.2 

3.0 

.0 

64.0 

.0 

Carrots 

88.4 

1.1 

1.1 

1.2 

7.9 

.3 

Grapefruit refuse, dried 

9.3 

4.3 

4.8 

11.6 

68,7 

1.3 

Kale 

88.4 

1.9 

2.4 

1.5 

5,3 

.5 

Mangels 

90.1 

1.1 

1.5 

.8 

6.4 

.1 

Orange peel, dried 

14.0 

4.1 

! 5.8 

S 10.6 

' 64.8 

.7 

Orange-pulp meal 

10.8 

3.4 

7.5 

8.9 

67.9 

1.5 

Potatoes 

78.8 

.9 

2.0 

.5 

17.7 

.1 

Rape. 

84.6 

2.2 

2.6 

2.4 

7.6 

.6 

Red clover hay 

12.3 

6.7 

12.7 

25.7 

39.6 

3.0 

Rutabagas . 

88.8 

1.0 

1.2 

1.5 

7.3 

.2 

Turnips 

90.6 

.8 

1.3 

1.1 

6.0 

.2 

Yeast, brewers’, dried 

7.0 

7.3 

46.5 

1.1 

35.3 

2.8 



?08 



Table 2 

MINERAL ELEMENTS IN POULTRY FEEDSTUFFS AND POULTRY PRODUCTS ^ 


Feedstuff 

Calcium 

(Ca) 

Phos- 

phorus 

(P) 

Man- 

ganese 

(Mn) 

Potas- ' 
Slum 1 

(K) 

So- 

dium 

(Na) 

Chlo- 
rine i 
(Cl) : 

Sul- 
phur 1 

(S) 1 

Iron 

(Fe) 

Mag- 

nesium 

(Mg) 


Per 

Per 

Parts 

per 

Per 

Per 

Per 

Per 

Parts 

per 

Per 


Cent 

Cent 

Million 

Cent 

Cent 

Cent 

Cent 

Thou- 

Cent 

Grains and Seeds 
Barley 

.05 

.36 

16 

.52 

.05 

.11 

.02 

sand 

.04 

.12 

Beans, navy 

.16 

.45 

13 

1.16 

* 





Bread 

.03 

.10 

4 

.10 

.38 

.63 

.13 

T 

T 

Buckwheat 

.06 

.43 

80 

.27 

.07 

.02 

.01 


.15 

Coconut meal 

.29 

.64 

85 

1.90 






Corn 

.01 

.29 

5 

.31 

.03 

.06 

.15 

.04 

.10 

Corn-gluten meal. . . . 

.06 

.40 

4 

.02 






Cottonseed meal 
(41% protein) 

.23 

1.18 

18 

1-.48 

.05 

.03 

.46 

.60 

.65 

Cowpeas 

.10 

.46 

30 

1.45 

.16 

.04 

.24 

.01 

.21 

Distillers’ grains 
(corn, dried) 

.04 

.30 

20 

.13 

.42 

.09 

.59 


.22 

Field peas 

.08 

.40 

30 







Hominy 

.01 

.08 

2 

.14 

T 

.05 

.16 

.01 

.03 

Kafir 

.03 

.35 

16 

.34 

.06 

.10 

.16 


.13 

Linseed meal 

.33 

.74 

40 

1.27 






Millet 

.01 

.33 

35 

.43 

,04 

.02 




Milo 

.04 

.32 

15 

.36 






Oats 

.10 

.36 

34 

.40 

.17 

.07 

.20 

.10 

.12 

Oatmeal (rolled oats) . 

.08 

.44 

20 

.37 

.03 

.09 

.20 

.05 

.13 

Peanut meal — ..... 

.18 

.56 


1.16 






Rice, polished 

.01 

.09 

12 

.04 

.03 

.04 

.10 

T 

.03 

Rye — 

.05 

.36 

40 

.54 

.06 

.01 

T 

.03 

.20 

Soybean oil meal 
(41% protein) 

.28 

.66 


2.20 

.51 

.04 

.45 

.20 

.25 

Sunflower seed 

.41 

.99 


.66 






Wheat 

.04 

.39 

*39 

.44 

.03 

.08 

.20 

.05 

.13 

Wheat bran 

.11 

1.21 

119 

1.24 

.20 

.09 

.27 

.08 

.53 

Wheat-flour 

middlings 

.07 

.69 

113 

.89 






Wheat middlings, 
standard 

.08 

.93 

119 

1.04 

.17 

.03 

.23 

.10 

.■38 

Feeds of Animal 
Origin 

Beef scrap 

7.23 

3.73 

5 







Buttermilk, liquid. . . . 

.18 

.10 


.15 






Buttermilk, 
condensed. 

.56 

.33 

.2 

.39 






Buttermilk, dried, . . . 

1.56 

1.05 

.4 

.71 

1 -95 

*.*36 

’.08 


*.ai 

Crab meal 

13.25 

.50 


1.90 

i 





Fish meal 

6.50 

3.60 

*45 







Fish meal, herring. . , 

‘ 3.83 

2.5 



i 






* Data not given 
T Less than .01 


^Mostly from U. S. D. A. Yearbook of Agriculture, 1939, and Ohio Agr. Expt. Sta. 
Bui. 255. 
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MINERAL ELEMENTS IN POULTRY FEEDSTUFFS AND 
POULTRY PRODUCTS (cont’d.) 


Feedstuff 

Calcium 

(Ca) 

Phos- 

phorus 

(P) 

Man- 

ganese 

(Mn) 

Potas- 

sium 

(K) 

So- 

dium 

(Na) 

Chlo- 

rine 

(Cl) 

Sul- 

phur 

(S) 

Iron 

(Fe) 

Mag- 

nesium 

(Mg) 


Per 

Per 

Pans 

per 

Per 

Per 

Per 

Per 

Parts 

Per 


Cent 

Cent 

Million 

Cent 

Cent 

Cent 

Cent 

Cent 

Fish meal, whitefish. . 

5.84 

3.04 


.32 

1.58 

1.65 


sand 

.22 

Fish meal, sardine 

4.73 

2.63 

40 

.65 

.42 

. , . 



.28 

Fish meal, tuna 

6.25 

3.46 








Liver meal 

.11 

.90 

4 







Meat scraps (50% 
protein) 

10.2 

4.91 

10 







Pork liver, dried 

.06 

1.12 

4 







Skim milk, dried 

1.27 

.96 

.6 

1.46 






Skim milk, liquid. . . . 

.13 

.11 

.12 

.12 

.0*5 

.09 

.03 

T 

.01 

Tankage (60% 

protein) 

7.16 

3.53 

14 

.55 

1.66 

2.44 

.60 


.15 

Whey, liquid 

.05 

.04 

1 

.17 

.03 

.12 

.01 


.01 

Whey, dried 

.83 

.70 


2.76 

,46 

1.95 

.14 


.14 

Poultry Products 
Eggs 

.07 

.23 


.06 

.10 

.17 

.20 

.03 

.02 

■ Green Feeds, etc. 
Alfalfa, green 

,42 

.07 

7 

.57 






Alfalfa-leaf meal 

1.90 

.22 

30 

2.42 






Alfalfa meal 

1.44 

.21 

26 

1.91 






Cabbage 

.07 

.04 

21 

.24 

T 

.02 

.06 

,01 

.02 

Cane molasses 

.56 

.06 

. . . 

2.62 


1.11 



.33 

Carrots 

.06 

.07 


.40 

.10 

.04 

.02 

.01 

.02 

Grapefruit refuse, 
dried 

.74 

.10 








Kale 

.18 

.07 






.03 


Orange peel, dried 

.73 

.11 








Potatoes. 

,02 

.06 

*3 

.43 

.02 

.04 

.02 

.01 

.03 

Rape 

.34 

.07 

50 

! .67 

.06 

.01 

,03 


.05 

Red clover hay 

1.17 

.18 

40 

1.58 






Rutabagas 

.06 

.04 


.41 

.08 

.06 

*.08 

T 

.02 

Turnips 

.05 

.05 


.37 

.11 

.12 

.02 

.01 

.05 

Yeast, dried 

1.26 

1.21 








Mineral Feedstuff s 
Bone, fresh 

22.95 

10.42 

12 







Bone meal 

27.00 

13.00 

13 







Bone meal, steamed . . 

28.80 

13.34 

5 







Bone meal, special 
steamed 

31.30 

14.49 

2 

.18 

.56 

.06 

.31 


.75 

Crab shell 

23.74 

2.55 

300 







Gypsum 

25.00 









Limestone, high 
calcium. . ......... 

39.20 


200 







Oyster shell, washed. . 

38.00 

* # • 

100 





» • « 


Manganous sulphate, 
anhydrous . . 



36.3% 







Manganous sulphate, 
tetrahydrate. . . . . . . 



24.3% 
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Table 3 


VITAMIN CONTENT OF POULTRY FEEDSTUFFS ® 


Feedstuff 

Vitamin A 
per Pound 

Vitamin Bi 
per Pound 

Vitamin D 
per Pound 

‘ Vitamin E 

Vitamin G 
(Riboflavin) 
per Pound 

Grain and Seeds 

International 

Units 

Interna- 

tional 

Units 

j.o.j.a 

Chick 

Units 

“b + d" Excel- 
lent 

Good 
+ Fair 

Micrograms 

{gammas) 

Barley 

400 

250 

Trace 

+ + 

400 

Beans, navy 


250 


? 

? 

Bread 

50 

10 


? 

? 

Buckwheat 

? 

500 


? 

300 

Corn, yellow 

■ 3180 

270 



450 

Corn, white 

0 

270 


_| — [_ 

450 

Corn-gluten meal, yellow. . 
Cottonseed meal (41% 

6800 

? 


0 

0 

protein) 

600 

1800 


? 

300 

Cowpeas 

1360 

450 


? 

350 

Kafir 

250 

? 


? 

? 

Linseed meal 

200 

2000 


-f 

900 

Milo 

250 

? 



400 

Oats 

80 

270 


H — h 

400 

Peanut meal 

250 

900 


++ 

1200 

Rye. 

? 

250 



? 

Soybean meal 

170 

900 

Trace 

? 

1400 

Wheat. 

140 

340 


++ 

400 

Wheat bran 

150 

450 


+-f 

1000 

Wheat-flour middlings 

Wheat middlings, stand- 

100 

800 


++ 

700 

ard 

Feeds of Animal Origin 

120 

1000 


+++ 

900 

Buttermilk, liquid. 

25 

40 


? 

1200 

Buttermilk, dried 

Buttermilk, sweet cream, 

200 

400 

Trace 

+ 

9000 

dried. 

200 

400 

Trace 

+ 

14000 

Cod liver oil 

340,190 

0 

45,360 

0 

0 

Cod liver oil, fortified ..... 

1,362,000 

0 

181,600 

? 

! 0 

Fish meal, white fish 

? 

? 

? 

? 

1 4500 

Fish meal, sardine 

? 

? 

? 

? 

1 3200 

Fish meal, menhaden 

? 

? 

? 

? 

1 2250 

Liver meal, Argentine .... 

? 

? 

? 

? 

18500 

Meat scrap 

? 

? 


? 

2700 

Pork liver, dried 

47,670 

170 

200 

? 

45360 

Sardine oil 

45,240 

? 

45,360 

? 

0 

Skim milk, liquid. 

15 

40 


+ 

1000 

Skim milk, dried — 

130 

400 


+ 

9500 

Tankage. 

? 

? 


1 

800 

Whey, dried 

. ?, 

? 


? 

12000 


? Information lacking. . 

. , . Indicate no appreciable amount present. 


^ Titus, U. S. D. A. Yearbook o£ Agriculture, 1939. 
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VITAMIN CONTENT OF POULTRY FEEDSTUFFS (cont’d.) 


Feedstuff 

Vitamin A 
per Pound 

Vitamin Bi 
per Pound 

Vitamin D 
per Pound 

Vitamin E 

Vitamin G 
(Riboflavin) 
per Pound 


International 

Interna- 

tional 

A.O.A.C. 

Chick 

H — i-4- Excel- 
lent 

Micrograms 


Units 

Units 

Units 

-I--]- Good 
+ Fair 

(gammas) 

Green Feeds 






Alfalfa, green 

63,560 

225 


+ + 

2000 

Alfalfa-leaf meal, dchy- 






drated 

95,000 

4S0 


-f + + 

8000 

Alfalfa-leaf meal 

32,000 

400 

14 

_] — 1 — [- 

7000 

Alfalfa meal 

13,000 

400 


+ + + 

5000 

Cabbage 

200 

100 


? 

100 

Cane molasses 

? 

? 


? 

2000 

Carrots 

18,200 

100 


? 

120 

Kale 

181,400 

100 


? 

2240 

Potatoes 

220 

80 


? 

55 

Red clover hay 

9,000 

450 


+ + + 

? 

Turnips 

? 

70 


? 

45 

Yeast, brewers’, dried .... 

? 

4500 


0 

16,000 
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Table 4- 


DIGESTIBILITY OF POULTRY FEEDSTUFFS BY CHICKENS ^ 


Feedstuff 

Organic 

Matter 

Crude 

Protein 

Crude 

Fiber 

Nitrogen- 
Free Ex- 
tract 

Fat, or 
Ether 
Extract 

Total 

Digestible 

Nutrients 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Crains and Seeds 







Barley 

76 

7S 

7 

83 

62 

68 

Buckwheat 

72 

59 

8 

85 

87 

65 

Corn, whole or cracked 

87 

76 

12 

90 

86 

80 

Corn, ground 

88 

79 

6 

92 

88 

81 

Corn meal 

87 

74 

7 

90 

89 

80 

Corn, Argentine, whole or 







cracked 

88 

84 

16 

91 

81 

83 

Corn, Argentine, ground — . . 

88 

83 

13 

91 

91 

84 

Cottonseed meal. 

72 

76 

12 

86 

86 

69 

Cowpeas 

75 

55 

12 

87 

89 

65 

Feterita 

89 

88 

33 

91 

81 

82 

Field peas 

74 

76 

12 

80 

80 

66 

Garden peas 

83 

88 

10 

‘ 86 

86 

72 

Kafir 

90 

84 

19 

93 

80 

81 

Millet 

78 

76 

17 

87 

78 

72 

Milo 

89 

83 

31 

92 

78 

80 

Mixed feed, laying mash 

85 

85 

44 

88 

92 

83 

Oats 

66 

74 

12 

74 

84 

62 

Oatmeal, or rolled oats. 

87 

79 

14 

91 

92 

85 

Rice, whole 

74 

75 

5 

84 

72 

65 

Rice bran 

52 

60 

3 

52 

87 

41 

Rye 

79 

68 

8 

84 

27 

60 

Soybeans 

79 

74 

20 

93 

86 

86 

Soybean meal 

77 

83 

2 

82 

82 

71 

Shallu 

90 

78 

39 

94 

85 

83 

Wheat 

82 

75 

8 

87 

50 

73 

Wheat bran 

46 

66 

9 

47 

42 

41 

Wheat middlings 

54 

65 

8 

55 

54 

48 

Wheat shorts 

68 

69 

13 

71 

85 

63 

Feeds of Animal Origin 







Beef scrap 

90 

92 

. . . 


94 

77 

Buttermilk, dried 

81 

82 

. . . 

81 

78 

72 

Fish meal 

90 

91 



94 

71 

Meat scrap and meat-and-bone 







meal 

87 

90 



93 

70 

Skim milk, dried 

87 

90 


*85 

95 

76 

Tankage 

85 

85 

... 


96 

69 

Green Feeds y etc. 







Alfalfa-leaf meal 

30 

99 

4 




Alfalfa meal. . 

29 

64 

2 

34 

22 

25 

Beet pulp, dried. 

17 

37 

0 

19 

0 

15 

Potatoes 

75 

47 

6 

84 


16 

Clover hay 

23 

71 

10 

14 

36 

20 


^Ibid, 
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Table 5 


APPROXIMATE CONVERSION EQUIVALENTS FOR EGGS AND EGG PRODUCTS 5 
1 pound of — is equivalent to — 


Frozen or liquid egg 

10.2 

Dried whole egg 

3.6 

Dried yolk 

2.25 

Dried albumen 

7.3 

Liquid whole egg 

.55 

Dried whole egg 

.25 


United States eggs in shell 

lbs. liquid whole egg 

lbs. liquid yolk 

lbs. liquid albumen 

lbs. liquid white and .45 lbs. liquid 

yolk 

lbs. dried white and .75 lbs. dried 
yolk 


® Tariff Information Surveys, Gll, U. S. Tariff Commission and Egg and Poultry Maga- 
zine, 46: 301. 1940. 


Table 6 

poultry: edible weight in terms of percentage live weight and 

DRESSED weight FOR SPECIFIED KINDS AND CLASSES ® 


Kind of Class 

Dressed Weight 
in Terms of 

Live Weight 

Edible Weight 
in Terms of 
Dressed Weight 

Edible Weight 
in Terms of 

Live Weight 

Unfattened broilers 

88.3% 

90.81 

54.27% 

60.73 

47.92% 

55.15 

Fattened broilers 

Unfattened roasters 

88.9 

56.86 

50.55 

Fattened roasters 

91.7 

63.07 

57.84 

Fattened capons 

91.97 

67.46 

62.05 

Fattened hens 

92.03 

64.22 

59.09 

Squab guineas 

82.52 

60.25 

49.72 

Squab pigeons. 

82.08 

73.94 

60.66 

Ducks ’ 

60.17 

Geese 


65.07 


Turkeys 

90*4* 

66.53 

61*00 



^Egg and Poultry Magazine, 46: 301. 1940. 
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Table 7 


average weights of parts of carcass of white PLYMOUTH ROCK 

COCKERELS AND PULLETS KILLED AT DIFFERENT WEIGHTS, 
EXPRESSED IN PERCENTAGE OF THE EMPTY WEIGHT ^ 



Males 

Females 

Males 

Females 

Males 

Females 

Approximate slaughter 







weight 

2 

2 

4 

4 

6 

5 

Age in days 

103 

73 

169 

189 

250 

219 

Percentage “fill” 

2.6 

4.8 

3.4 

2.6 

2.9 

3.7 

Empty weight in grams 

967 

915 

1725 

1787 

2509 

2245 

Offal 







Feathers 

4.8% 

7.2% 

7.8% 

8.5% 

8.1% 

7.5% 

Blood 

4,8 

3.7 

4.2 

3.3 

4.2 

3.5 

Head 

3.4 

3.1 

3.1 

2.7 

2.8 

2.4 

Shanks and feet 

5.8 

5.0 

5.5 

3.7 

4,5 

3.6 

Total offal 

18.7 

19.0 

20.6 

18.2 

19.7 

16.9 

Viscera 







Heart i 

.48 

.49 

.42 

.48 

.45 

.45 

Liver 

2.3 

2.5 

1 2.1 

i 1.7 

2.0 

1.9 

Kidneys 

.64 

.68 

i .5 

.55 

,52 

.62 

Pancreas 

.3 

.31 

.21 

.24 

,18 

.22, 

Spleen 

.2 

.26 

.17 

‘ .18 

.16 

.21 

Lungs 

.43 

.46 

.53 

.45 

.45 

.40 

Testicles 

.03 

. . . 

.09 


.26 

. . . 

Digestive tract 

11.9 

11.4 

8.6 

9.4 

7.9 

8.6 

Total viscera 

16.2 

16.1 

12.6 

12.9 

12.0 

12.4 

Dressed carcass 







Skin. 

7.3 

8.0 

7.4 

9.2 

7.6 

10.0 

Neck 

3.9 . 

3.8 

3.7 

2.9 

3.4 

2.7 

Legs above hock 

20.2 

18.3 

22.1 

19.3 

22.2 

19.0 

Wings 

6.4 

6.2 

6.6 

5.4 

5.9 

5.4 

Torso 

22.0 

24.0 

24.6 

29.3 

26.4 

30.2 

Total dressed carcass 

59,9 

60.3 

64.3 

66.1 

65.6 

67.3* , 

Total bone in dressed carcass 

19,1 

17.6 

19.1 

15.0 

16.7 

14.7 

Total flesh and fat in dressed 







carcass 

33.4 

34.0 

36.0 

41.0 

40.2 

41.8 

Total flesh, fat, and edible 







viscera 

40.7 

41.9 

42.0 

47.0 

45.9 

47.6 


^ 111. Agr. Expt. Sta. Bui, 278, 1926, and Egg and Poultry Magazine, 46: 303. 1940. 
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Table 8 


PROXIMATE COMPOSITION OF EGGS, CHICKENS, DUCKS, GEESE AND 

TURKEYS ^ 



Basis of 

Refuse 

Composition of Edible Portion 


Analysis 

Water 

Protein 

Fat 

Ash 



P^r Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Chicken eggs 







Total edible 



74.0 

12.8 

11.5 

1.0 


as purchased 

11 

65.9 

11.4 

10.2 

.9 

White only 



87.8 

10.8 

0.0 

.6 

Yolks only 



49.4 

16.3 

31.9 

1.7 

Duck eggs 



70.8 




Total edible 



13.1 

14.3 

1.0 


as purchased 

11 

63.0 

11.7 

12.7 

.9 

Goose eggs 







Total edible 



70.4 

13.9 

13.3 

1.1 


as purchased 

13 

61.2 

12.1 

11.6 

1.0 

Turkey eggs 





i 


. Total edible 



72.6 

13.1 

11.8 

.8 


as purchased 

12 i 

63.9 

11.5 

10.4 

.7 

Small broilers lbs.) 







Total edible 

as purchased 


74.9 

21.6 

2.7 

1.4 


(live) 

as purchased 

58 

31.5 

9.1 i 

1.1 

.6 

I 


(dressed) 
as purchased 

52 

1 36.0 

10.4 : 

1.3 

1 -7 

I 


(drawn) 

32 

50.9 

14.7 

1.8 

1.0 

Broilers (1^-214 lbs.) 







Total edible 

as purchased 


71.2 

20.2 

7.2 

1-1 


(live) 

as purchased 

51 

34.9 

9.9 

3.5 

.5 


(dressed) 
as purchased 

45 

39.2 

11.1 

4.0 

.6 


(drawn) 

25 

53.4 

15.2 

5.4 

.8 

Flesh only 



74.0 

20.6 

4.4 

1.1 

Giblets 



73.7 

19.2 

4.5 

1.3 

Fryers (23^-3 lbs.) 







Total edible 

as purchased 


67.6 

20.0 

11.0 

1.0 


(live) 

as purchased 

47 

35.8 

10.6 

5.8 

.5 


(dressed) 
as purchased 

40 

40.6 

12.0 

6.6 

.6 


(drawn) 

22 

52.7 

15.6 

8.6 

.8 


^Proximate Composition of American Food Materials, U. S. D. A. Circ. 549, 1940, and 
Egg and Poultry Magazine, 1941. 
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PROXIMATE COMPOSITION OF EGGS, CHICKENS, PUCKS, 
GEESE AND TURKEYS (cont^d.) 


Poultry PRODUCT 

Refuse 

Composition of Edible Portion 

Water 

Protein 

Fat 

Ash 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Flesh only. 


73A 

20.6 

4.8 

1.1 

Giblets 


74.0 

19.7 

3.5 

1.3 

Roasters (over 33^ lbs.) 






Total edible 


66.0 

20.2 

12.6 

1.0 

as purchastd (live) 

46 

35.6 

10.9 

6.8 

.5 

as purcnased (dressed) 

39 

40.3 

12.3 

7.7 

.6 

as purcnaseQ (drawn) 

23 

50.8 

15.6 

9,7 

.8 

Flesh only 


72.8 

21.1 

4.5 

1.1 

Giblets 


72.4 

19.8 

4.8 

1.3 

Hens and cocks 






Total edible 


55.9 

18.0 

25.0 

1.1 

as purchased (live) 

42 

32.4 

10.4 

14.5 

.6 

as purchased (dressed) 

36 

35.8 

11.5 

16.0 

.7 

as purchased (drawn) 

20 

44.7 

14.4 

20.0 

.9 

Flesh, skin and giblets 


59.7 

18.1 

21.1 

1.0 

Flesh only 


70.3 

21.3 

7.1 

1.1 

Giblets 


66.8 

18.6 

11.6 

1.2 

Capons (over 4 lbs.) 






Total edible 


56.6 

21.4 

21.2 

1.2 

as' purchased (live) 

40 

34.0 

12.8 

12,7 

.7 

as purchased (dressed) 

34 

37.4 

14.1 

14.0 

.8 

as purchased (drawn) 

17 

47.0 

17.8 

17.6 

1.0 

All classes 

Light meat only. ^ 


72.5 

23.3 

3.2 

1.2 

Dark meat only 


73.0 

21.0 

4.7 

1.1 

Canned 






Meat only 


61.9 

29.8 

8,0 

■ 2.4 

Meat and brcth . > ov. • 


70.2 

23.2 

3.4 

1.6 

Duck (domesticated) 

Total edible. 


54.3 

16.0 

28.6 

1.0 

as purchased (dressed) 

36 

34.8 

10.2 

18.3 

.6 

as purchased (drawn) 

16 

45.6 

13.4 

24.0 

.8 
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PROXIMATE COMPOSITION OF EGGS, CHICKENS, DUCKS, 
GEESE AND TURKEYS (coilt’d.) 


Poultry Product 

Basis of 

Refuse 

Composition of Edible Portion 

Analysis 

Water 

Protein 

Fat 

Ash 



Fir Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Flesh only 



68.8 

21.4 

8.2 

1.2 

Goose (domesticated) 



51.1 

16.4 



Total edible 

as purchased 


31.5 

.9 


(dressed) 
as purchased 

41 

30.1 

9.7 

18.6 

.5 


(drawn) 

10 

46.0 

14.8 

28.4 

.8 

Flesh and skin. 



49.7 

15.9 

33.6 ; 

.9 

Flesh only 



68.3 

22.3 

7.1 

1.1 

Turkeys (medium fat) 







Total edible 

as purchased 


58.3 

20.1 

20.2 

1.0 


(live) 

as purchased 

39 1 

35.6 i 

1 

1 

12.3 

12.3 



(dressed) 
as purchased 

33 

39.1 

13.5 

13.5 

.7 


(drawn) 

19 

47.2 

16.3 

16.4 

.8 

Flesh and skin ........... 



63.0 

22.8 

13.0 

1.1 

Flesh only 



68.6 

24.0 

1 6.7 . 

1.1 

Light meat only 



69.2 

24.5 

1 4.6 

1.2 

Dark meat only, 



68.0 

23.2 

9.4 

1.1 

Turkeys (fat birds) 







Total edible 



50.7 

18.4 

29.3 

.9 

Turkeys (thin, young birds) 







Total edible 

Gizzard 



69.9 

20.6 

7.8 

1.1 

Chicken 



71.1* 

23.1 

3.8 

1.1 

Ducks, . 



73.3 

21.3 

3.7 

1.1 

Goose.. 



73.0 

21.4 

^ 5.3 

1.0 

Turkey. ........... . . . . . 



.66.6 

20.5 

10.6 

1.0 

Heart 







Chicken 



69.6 

20.5 

7.0 

1.3 

Turkey. ..... 

Liver 



69.8 

16.2 

12.7 

1.1 

Chicken 



69.6 

22.1 

4.0 

1.7 

Goose 



66.9 

16.5 

10.0 

1.2 

Turkey 



70.9 

22.0 

4.8 

1.6 
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Index 


Abdomen, 102 

Acidity o£ intestinal tract, 274 
Advertising 
chicks, 187 
eggs, 482 
poultry meat, 521 
Age 

of breeding stock, 112, 116, 152 
decline in production with, 123 
at sexual maturity, 119 
Agricultural colleges and experiment 
tions, 701 
Air 

cell, 457 
requirements, 231 
sacs, 63 
Albumen 
quality, 458 
secretion, 77 
Alfalfa, 324 
leaf meal, 326 
meal, 325 

Alimentary tract, 59 
Allantois, 145 
All-mash feeding, 336 
American 

breeds and class, 29 
Poultry Association, 27 
Standard of Perfection, 27 
Amids, 267 
Amino acids 
essential, 267 
metabolism of, 264 
Amnion, 145 
Amylase, 275 
Ancona, 34 
Andalusian, Blue, 34 
Animal protein feed stuffs, 314 
Anus, 61 
Appliances 

feeding, 209, 250, 251 
lighting, 251 
poultry house, 248 
watering, 209, 250, 251 
Approved breeding stage, 126 
Araucana, 42 
Area opaca, 144 
Area pellucida, 144 
Arteries, 65 


Ascorbic acid, 270 
Ash, 267 

Asiatic breeds and class, 37 
Aspergillosis, 408 
Australorp, 37 
Avian tuberculosis, 417 
Axial feather, 106 

Bacillary white diarrhea, 410 
Bacteria, 370 
sta- and disease, 410 

and egg quality, 458 * 

Bacterial diseases, 410 
Bacterin, 369 
Balanced ration, 333 
Banding chicks, 131 
Bantams, 40 
Barbicels, 55 
Barbs, 53, 55 
Barbules, 53, 55 
Bare backs, 117 
Barley, 312 

Barred Plymouth Rock, 31 
Barring, inheritance of, 87 
Basal heat production, 279 
Batteries 
for chicks, 215 
for fattening, 353 
for laying, 256 
Beak, 59 
necrosis, 433 
pigmentation, 103 
Beets, 330 
BUe, 61 
Biological 

analysis of feeds, 282 
value of feeds, 282 
Blackhead, 408, 632 
Blastoderm, 77 
Bleeding 

market poultry, 503 
for pullorum test, 412 
Blood, 65 
cells, 65 
circulation, 64 
spots, 78 

Bloody eggs, 78, 457 
Blue Andalusian, 34 
Bobwhite, 662 
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INDEX 


Body 

changes with egg production, 101 
size 

by breeds, 704 
and egg size, 124 
inheritance of, 117 
systems, 5 1 
temperature, 51 
type 

and egg production, 100 
and meat production, 118 
selection for, 98, 118 

Bone 

meal, 321 
tissue, 58 

Bones, abnormal, 58, 388 
Botulism, 420 
Bourbon Red, 574 
Boxes 

for chicks, 187 
for dressed poultry, 512 
Brahma, 37 
Brain, 70 
Bran, wheat, 310 
Breed 

characteristics, 27 
choosing, 42 
Breeders 
age, 113 
feeding, 351 
Breeding, 82, 97 
chickens, 97 
ducks, 642 
geese, 650 
peafowls, 656 
pheasants, 680 
pigeons, 654 
practices, 97 
principles, 82 
quail, 669 
turkeys, 576 

Breeding flock improvement, 125 
Breeding for 
broilers, 117, 217 
egg production, 119 
hatchability, 112 
livability, 115 
meat production, 118 
Breeding males, 98 
Breeding records, 127 
Breeding stock selection, 97 
Breeds of chickens, 23 
for broilers, 217 
for capons, 219 
Standard classification of, 27 
Breeds and varieties of 
ducks, 639 
geese, 649 
pheasants, 677 
pigeons, 654 


Breeds and varieties of — {Continued') 
quail, 662 
turkeys, 572 

Broiler production, 207, 217 
economics of, 553 
feeding for, 344 
Broilers 

breeds for, 217 
definition, 502 
feeding, 344 
marketing, 556 
production of, 217 
Bronchitis 
chick, 425 

infectious (laryngotracheitis), 423 
Bronze, 573 
Brooder houses, 198 
Brooders 
battery, 215 
capacity of, 198 
coal, 199 
electric, 199 
gas, 199 
hot water, 204 
oil, 199 
wood, 199 
Broodiness, 120 
inheritance of, 88, 93 
Brooding, 194 
artificial, 196 
battery, 214 
chickens, 194 
confinement, 203 
costs, 548, 553 
ducks, 642 

equipment, 198, 209, 215 
geese, 65 0 
natural, 194, 603 
pheasants, 683 

principles and practices, 194 
quail, 673 
requirements, 196 
sanitation, 198 
temperature, 196 
turkeys, 604 
troubles, 210 
wild turkeys, 689 
Broody coop, 252 

Broody hens, management of, 120 

Buckwheat, 313 

Bumblefoot, 434 

Buttercup, 34 

Buttermilk, 316 

By-products, 7, 319 

Cabbage, 330 
Cafeteria feeding, 333 
Calcium 

assimilation, 271, 277 
carbonate, 321 
metabolism, 267, 271 
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Calcium — {Continued) 
requirements 

for egg production, 294 
for growth, 293 
sources, 320 

Calcium-phosphorus ratio, 293 
Calorie, 278 
Campine, 40 

Canadian agricultural colleges and experi- 
ment stations, 702 
Cannibalism, 210, 432 
Capillaria worms, 400 
Capital investment, 541 
Caponizing 
chickens, 2 19 
turkeys, 222 
Capons, 218, 502 
feeding, 345 
marketing, 221 
Carbohydrates, 263 
absorption, 275 
digestion, 274 
metabolism, 149, 264 
sources, 307 
uses, 263 

Carbon dioxide, 264 
elimination by hens, 231 
in incubation, 168 
Carbon monoxide poisoning, 197 
Carcinomas {see Tumors) 

Carotene and vitamin A, 266, 268 
Carrots, 269 

Catching equipment, 251 
for ducks, 649 
for turkeys, 623 
Ceca, 59 

and coccidiosis, 405 
Cecal worms, 400 
Cells, 82 

differentiation, 83 
division, 83 

reproductive or gamete, 83 
Cellulose, 265 
Cereal grains, 307 
Cerebellum, 70 
Cerebral hemispheres, 70 
Certified breeding stage, 126 
Chalaza, 77 
Chantecler, 32 
Characters, 82 
dominant, 90, 92 
inheritance of, 90 
recessive, 90, 92 
transmission, 86 
Charcoal, 330 
Chart of breeds, 704 
Chemical disinfectants, 373 
Chemurgy, 483 
Chicken mites, 392 
Chicken pox, 421 
Chicken soup, 7 


Chickens 
anatomy of, 51 
breeds of, 23 
classification of, 27 
costs in marketing, 495 
defects in, 46 
disqualifications of, 46 
distribution of, 10 
domestication of, 24 
dressed grades of, 511, 512 
grading live, 492 
gross income from, 13 
market classes and grades of live, 492 
origin of, 23 
relative value of, 12 
structure of, 51 
temperature of, 51 
Chicks 

banding, 131 

battery brooding, 214 

brooding with hens, 194 

business of hatching, 178 

confinement brooding of, 203 

cost of production, 548, 553, 563 

culling, 186 

dubbing, 433 

effects of chilling, 196 

effects of overheating, 196 

embryo development of, 141 

feed consumption by, 225, 339 

floor space required by, 198 

growing healthy, 211 

growth of, 223 

hover space for, 198 

marketing, 187 

mortality of, 368 

position at hatching time, 147 

principles and practices in rearing, 194 

selling, 187, 569 

sexing, 184 

shipping, 186 

surplus, 184 

temperature in brooding, 196 
when to hatch, 205 
Chiggers, 394 
Chilling, effects of 
on chicks, 196 
on hatching eggs, 157 
Chinese incubators, 171 
Chlorine, 267 
Cholera, fowl, 415 
Cholesterol, 266, 270 
Chorion, 144 
Chromosomes, 85 
characters in, 86 
in fertilization, 86 
sex, 87 

Chuckar partridge, 689 
Circulation 
of blood, 64 
of lymph, 66 
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Circulatory system, 64 
Clam shells, 322 
Classes of chickens 
American, 29 
Asiatic, 37 
English, 36 
Mediterranean, 34 
other standard, 38 
Classification 
of breeds, 27 
of dressed poultry, 501 
of feedstulfs, 307 
of incubators, 172 
of live poultry, 492 
of market eggs, 469, 472 
of poultry houses, 234 
Cleaning 
eggs, 160, 464 
equipment, 252 
houses, 255 
Cloaca, 59 

Cloacitis (see Vent gleet) 

Clover hay, 325 
Clutch, 120 
Cocci, 370 

Coccidia, species of, 407 
Coccidiosis, 405 
Cochin, 38 
Cockerels 

as breeders, 112 
growth of, 290 
vigor of, 98 
Cock-fighting, 25 
Cocks 

as breeders, 112 

market classificadon of, 493, 502 
Coconut meal, 706 
Cod-liver oil, 326 
Coefficients of digestion, 283 
Cold-storage, 465 
costs, 466 
of eggs, 465 
holding eggs in, 467 
holding poultry in, 517 
of poultry, 517 
Colds, 418 

Colleges of agriculture, 701 
Colony brooders, 199 
Colony houses, 234 
Color markings, 26, 55 
Comb, 52 

changes with producdon, 101 
defects, 46 
development, 72 
dubbing, 433 
frozen, 433 

influence of gonads on, 72 
rose, inheritance of, 90 
types, illustrated, 28 
Commercial farms, 529, 541 
Commercial flocks, 10, 534 


Condensed buttermilk, 316 
Confinement 

of chicks, 203, 212, 214 
of layers, 256, 324 
Constipation, 389 
Consumer 
education, 15, 521 
preference 
for eggs, 479 
for turkeys, 577 
Consumption 
of eggs, 5, 451 
of poultry meat, 7, 451 
problems, 15 
Containers 
for eggs, 474 
for poultry, 512 
Cooking 
eggs, 458 
poultry, 517 
Cooling 

dressed poultry, 514, 626 
eggs during incubating, 164 
market eggs, 460 
Cooperative marketing of eggs, 478 
Coops, broody, 252 
Copper in nutrition, 267 
Copulatory organ, 68 
Corn, 309 
feed meal, 309 
gluten meal, 320 
grades, 308 
hominy meal, 309 
Cornish, 36 
Coryza, 418 
Costs 

of broiler production, 553 • 
of chick production, 562 
of egg production, 547 
of marketing live poultry, 495 
of pullet production, 548 
of turkey production, 588, 629 
Cottonseed meal, 320 
Covey, 663 
Cracklings, 318 
Cramming, 501 
Crazy chick disease, 385 
Creeper genes, 94 
Cresol, 374 
Crevecoeur, 40 
Crooked keel, 388, 628 
Crop, 59 
impacted, 389 
sour, 389 
Crossbreeding, 109 
Crosses for sex identification, 88 
Crossing over of genes, 94 
Crowding, ill effects of, 198, 230 
Cryptoxanthin, 268 
Culling, 101 
Current receipts, 472 
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Custom hatching, 185 
Cystine, 267 

Dam, 131 
Death losses 
among chicks, 368 
in laying flocks, 368 
Defects, 46 

Deformed beak, 46, 387, 433 
Dermatitis in chicks, 384 
Diarrhea in chicks, 196, 410 
Diet (see Feeding and Rations) 
Digestibility 

coefficients of, 283 
determination of, 283 
factors affecting, 284 
of feeds, 283 
Digestion, 273 
of carbohydrates, 274 
enzymes and, 274 
of fats, 275 
of fiber, 275 
of minerals, 275 
rate of, 275 
vitamins in, 275 
wastage in, 280 
Digestive system or tract, 59 
passage of feed through, 275 
Disease, 368 

breeding for resistance to, 115 
carriers of, 371 
causes of, 369 
deficiency rations and, 379 
diagnosis of 
by autopsy, 378 
by symptoms, 377 
dissemination of, 371 
prevention of, 372 
terminology, 368 
Diseases 

associated with egg production, 429 
bacterial, 410 
deficiency, 379 
fungus, 408 
infectious, 410 
miscellaneous, 432 
nutritional, 379 
parasitic, 390, 396 
protozoal, 405 
virus, 370, 421 
Disinfectants, 373 
Disinfection, 373 
Disqualifications 
in chicks, 186 
in standard breeds, 46 
Distillers’ dried grains, 320 
Dolomite, 321 

Dominant characters, 90, 93 
Dominique, 32 
Dorking, 36 
Drafts, 231 


Dressing 
chickens, 505 
ducks, 649 
geese, 652 
turkeys, 625 
Dried milk, 317 
Dried whey, 328 
Dropping boards, 248 
Dropping pits, 249 
Droppings 

amount excreted, 280 
composition of, 280 
Dry picking, 505 
Drying eggs, 468 
Dryness 

in poultry house, 232 
under hovers, 197 
ventilation and, 231 
Dubbing of combs, 433 
Ducks, 638 
breeding, 642 
breeds of, 639 
brooding, 642 
feeding, 645 
housing, 643 
marketing, 648 
Ductless glands, 72 
Duodenum, 61 

Ear, 71 
Ear lobes, 522 
color of, by breeds, 704 
pigmentation in, 103 
Economics 

of broiler production, 553 
of egg production, 534, 541, 547 
of incubation, 563 
of marketing live poultry, 495 
of pullet production, 548 
Ectoderm, 142 
Edema of the wattles, 433 
Egg 

composition of, 5, 456 
fertilization, 77 
formation, 75 
fresh 

broken-out appearance, 458 
candling appearance, 457 
structure, 76 
Egg auctions, 478 
Egg bound, 430 
Egg cartons, 474 
Egg-feed price ratio, 526 
Egg-marketing methods, 477 
Egg prices, 474 
Egg production 

annual decline in, 123 
body changes and, 101 
breeding for, 119 
per capita, 13 
capital investment in, 544 


724 


INDEX 


Egg production — {Continued) 
economics of, 534, 541, 547 
effects of broodiness on, 120 
effects ‘of lights on, 251 
energy requirements for, 294 
estimating, 100 
feed consumption and, 352 
feed cost and, 547 
geographical distribution of, 10 
and hatchability, 113 
head characteristics and, 101 
inheritance of, 119 
and labor income, 541 
mineral requirements for, 294 
molt in relation to, 104 
persistence of, 120 
pigmentation in relation to, 103 
progeny testing for, 107 
protein requirements for, 294 
rations for, 346 
seasonal distribution of, 449 
selecting on basis of, 119 
sexual maturity and, 119 
time of hatching and, 205 
vitamin requirements for, 295 
Egg quality, 456 
changes in, 460 
chemical evidence of, 458 
cottonseed meal and, 459 
deterioration, 46 
flavor of eggs, 458 . 

frequent marketing and, 463 
and hatchability, 114, 155 
humidity and, 462 

hydrogen ion concentration and, 458 
inheritance of interior, 125 
liquefaction and, 458 
maintenance of, 463 
measure of, 458 
and methods of marketing, 453 
producer control of, 459 
rapid cooling and, 460 
thick white and, 470 
vitamin A and, 351, 460 
vitamin D and, 351, 460 
watery whites and, 469 
Egg shape 

affected by isthmus, 77 
inheritance of, 124, 154 
Egg size, 124 

factors influencing, 124 
and hatchability, 154 
inheritance of, 124 
Egg, time required to form, 75 
Egg weight, 124 

loss during incubation, 165 
and position in clutch, 124 
Egg white, 77 
composition of, 716 
dried, 468 
frozen, 467 


Egg white — {Continued) 
liquid, 77 
pink, 460 
thick, 77, 470 
thin, 77 
watery, 458 
Egg yolk, 75 
absorption of, 146 
dried, 468 
formation of, 75 
frozen, 467 

mineral content of, 716 
vitamins in, 351 
Eggs 

abnormal, 78 

auction selling of, 478 

blood spots in, 78, 457 

candling, 457 

car for shipping, 474 

care of, on the farm, 460 

cold storage of, 465 

consumer preference for, 479 

containers for marketing, 474 

cooling market, 460 

cooperative marketing of, 478 

current receipts of, 472 

deterioration of quality in, 460 

direct sale to consumers, 477 

dirty, washing and preventing, 464 

double yolk, 78 

dried, 468 

effect of feeds on, 350, 459 
effect of high temperature on, 460 
exports of, 481 
external appearance, 469 
feed cost of producing, 526 
flavor of, 458 
frozen, 467 
grades of, 469 
gross income from, 13 
hatching^ 154 
chilling, 1 57 
cooling, 164 
dirty, 160 

holding time for, 159 
holding temperature for, 157 
incubation of, 161 
position of, 160, 168 
premium for, 180 
selection of, 154 
size of, 126, 154 
turning, 160 
hennery, 472 

holding temperature, 460 
hydrogen ion concentration in, 458, 467 
imports of, 11, 481 
industrial uses for, 7, 483 
loose shell membranes, 469 
marketing, 448 
methods of, 477 
meat spots in, 78 
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Eggs — {Continued) 
nutrients in, 5, 456 
oil-treated, 467 
pink whites in, 460 
preservation of, 463 
dipping for, 467 
processing of, 467 
prices of, factors affecting, 474 
production of, per capita, 14, 448 
purchasing power of, 526 
quality of broken-out, 458 
U. S. grades of, 470 
uses of, 8 

vitamins in, 5, 351, 456 
yolkless, 78 
Eggshell color, 77 
consumer preference for, 479 
inheritance of, 124 
Eggshells 
formation, 77 
thin, 124, 271, 350 
Egyptian incubators, 171 
Electrocution, 504 
Embryo, 141 

calcium metabolism of, 150 
carbohydrate metabolism of, 150 
development of, 77, 141 
fat metabolism of, 150 
lethal inheritance of, 94 
malformations, 147, 156 
malpositions, 149 
metabolism of, 148 
mineral metabolism of, 150 
mortality, causes of, 147 
normal position of, 146 
oxygen requirement of, 168 
physical changes in, 142 
position, 146 
abnormal, 147 
protein metabolism, 150 
respiration of developing, 168 
sources of energy, 149 
“sticky” inheritance of, 94 
structural development, 142 
Embryonic membranes, 143 
Embryos 

abnormal, 147, 156, 163, 168 
dead, causes of, 147 
growth of, 141 
Emden, 650 
Encephalomalacia, 385 
Endocrine glands, 72 
Energy, 277 
for egg production, 294 
for embryo development, 149 
for fattening, 296 
for growth, 291 
for maintenance, 289 
English breeds and class, 36 
Enterohepatitis, 408, 632 


Entoderm, 142 
Enzymes, 274 
carbohydrate-splitting, 274 
fat'Splitdng, 275 
protein-splitting, 275 
Epidemic tremor of chicks, 428 
Epsom salts, 389 
Equipment 
brooding, 209, 250 
feeding, 209, 250 
lighting, 251 
for poultry houses, 248 
watering, 251 
Erepsin, 275 
Ergosterol, 266, 271 
Erythrocytes, 65 
Esophagus or gullet, 59 
Etiology, 369 
European fowl pest, 428 
Eversion of oviduct, 429 
Evisceration of chickens, 514 
Examination for disease, 376 
Excretion, 280 
Exoskeleton, 51 

Exports of poultry products, 11, 481 
External parasites, 390 
Eyeworms, 402 

Fi and Fa generations, 90 
Farm flocks, 8, 10, 534 
Farms 

chickens raised on, 12 
eggs produced on, 13 
poultry, number of, 13 
Fat 

absorption of, 276 
formation of, 265, 277 
in the body, 265 
in the egg, 265 
metabolism, 277 
oxidation, 265 
sources of, 265 
storage of, 277 
Fats 

digestion of, 275 
and lymphatic system, 276 
synthesis of, 265, 277 
use of, in the body, 265, 277 
Fattening, 353, 497 
gains made during, 497 
rations for, 353, 497 
requirements for, 296 
Fatty acids, 275 
Fatty livers, 276 
FaveroUes, 40 
Favus, 410 
Feather, axial, 106 
development, 55 
illustrated, 53 
structure, 54 
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Feathered shanks, 37, 46 
Feathering 
capon, 72 ’ 

cockerel, 55 

effect of hormones on, 72 
inheritance of rate of, 117 
rapid, 118 

and rate of growth, 117 
slow, 118 
Feathers, 54 
growth of, 55 
marketing, 7 
pigmentation of, 55 
structure of, 54 
wing, 106 
Feces, 280 

Fecundity, inheritance of, 119 
Feed 

amount consumed 
by chicks, 287, 339 
by laying hens, 352 
by turkeys, 617 
analysis, value of, 281 
cost in egg production, 534, 541 
fresh, 283 
grinding, 283, 333 
palatability, 282 

passage through the intestinal tract, 
Feeding 
all-mash, 336 
breeding stock, 351 
broilers, 344 
cafeteria, 333 
chicks, 339 
ducks, 645 
equipment, 209, 251 
fattening stock, 353, 497 
free choice, 333 
geese, 651 
grain and mash, 336 
grit, 330 

laying hens, 346 
legume hay, 324 
oyster shells, 321 
pellets, 337 
pheasants, 681, 684 
practices, 307 
principles, 261 
space required, 251 
turkeys, 586, 611 
wet mash, 337 

Feed-purchasing power of eggs, 52'6 
Feeds 

classification of, 307 
composition of, 706 
digestibility of, 273, 713 
effect of 

on egg quality, 350, 459 
on poultry meat, 355 
energy value of, 285 
miscellaneous, 329 


Feeds — {Continued') 
moldy, 409 
palatability of, 282 
poisons in, 389 
vitamins in, 268, 711 
Ferric chloride, 433 
Fertility 

and age of breeders, 112 
artificial insemination and, 111 
causes of low, 112 
cessation of, 112 
factors affecting. 111 
following mating, 112 
securing good, 111 
size of matings for. 111 
testing for, 111 
Fertilization, 77, 86 
Feterita, 313 
Fiber, 265 
Fish meal, 318 
Fish oils, 268, 270, 326 
Flavin {see Riboflavin) 

Flock mating, 110 
Flock size 
and profits, 534 
variation in, 535 
Floor, cement, 241 
275 Floor space 

for chicks, 198 
for ducks, 643 
for laying hens, 230 
for turkeys, 606 
Flukes, 404 
Fluorine, 322 
Follicle ovarian, 76 
Food {see Feeds and Rations) 
Formalin, 182 
Formulas {see Rations) 
Foundations, house, 239 
Fowl 

anatomy of, 51 
ancestry of, 23 
composition of, 706 
grades of dressed, 511 
grades of live, 492 
skeleton of the, 56 
Fowl cholera, 415 
Fowl paralysis, 426 
Fowl plague, 428 
Fowl pox, 421 

vaccination for, 423 
Fowl tick, 395 
Fowl tuberculosis, 417 
Fowl typhoid, 414 
inheritance of resistance to, 115 
Fowls 

air requirements of, 231 
body temperature of, 51 
heart rate of, 65 
Free-choice feeding, 333 
Freezer burn, 517 
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Freezing 

drawn poultry, 516 
dressed poultry, 517 
eggs, 467 

Freight, shipping chickens by, 488 
Fresh eggs, 456 

appearance of, broken out, 458 
candled appearance of, 457 
Frozen combs and wattles, 433 
dubbing to avoid, 433 
Frozen-egg industry, 467 
Frozen-egg products, 467 
Fryers, 502 
grades of live, 492 
grading dressed, 511 
Fuel cost 
of brooding, 556 
of incubation, 566 
Fumigation of incubators, 182 
Fungi, 370 
Fungus diseases, 408 

Gain, feed consumed per pound of, 286, 
291 

Gall-bladder, 61 
Gallus ban\iva, 23 
Game birds, 661 

artificial propagation, 669, 680, 688, 690, 
691 

natural propagation, 663, 677, 685, 689, 
691 

Gametes, development of 
female, 85 
male, 83 
Gape worms, 399 
Gastric juice, 274 
Gastrulation, 142 
Geese, 649 
breeding, 650 
brooding, 65 1 
feeding, 651 
housing, 651 
marketing, 652 
Genes, 87 

complementary, 94 
dominant, 94 
inhibiting, 93 
lethal, 94 
recessive, 92 
sex-linked, 87 
Genotype ratio, 91 
Germ cells, 83 
Germ spot, 76 
Gizzard, 61 
erosion of, 386 
function of, 61, 274 
Gizzard worms, 401 
Glands 

ductless (endocrine), 72 
lymph, 66 
parathyroid, 73 


Glands — ( Continued') 
pineal, 75 
pituitary, 73 
preen, 73 
thymus, 73 
thyroid, 73 

Glandular stomach, 60 
worms, 402 
Glucose, 263 
Gluten meal, 320 
Glycogen, 265 
Gonads, 68 
Goslings, 651 
Gout, 388 
Grades 

of dressed poultry, 511 
of eggs, 469 
of live poultry, 492 
Grading, 109 

Grains and by-products, 307 
Grass, 323 

Grit, function of, 330 
Gross energy, 278 
Grouse, 690 

Grow healthy chick program, 211 
Growth, 291 

crossbreeding effects on rate of, 109 
energy requirements for, 291 
factors affecting, 286 
feed consumption and, 286 
influence of temperature on, 196 
inheritance of, 117 
mineral requirements for, 293 
protein level and rate of, 292 
rates of different species of poultry, 290 
sex differences in rates of, 290 
vitamin requirements for, 293 
Guineas, 655 
Gullet or esophagus, 59 

Hamburgs, 38 
Hard-scald plucking, 505 
Hardware cloth, 213 
Hatchability 
age of parents and, 113 
breeding to increase, 112 
cross-breeding and, 108 
egg characters and, 114 
egg production and, 113 
embryo malformations and, 147 
inbreeding and, 108 
inheritance of, 112 
mineral requirements for, 295 
protein requirements for, 295 
selecting for, 107 
sunlight and, 330 
vitamin requirements for, 295 
Hatcher, separate, 174 
Hatchery 

breeding flock improvement, 125, 180 
business, 562 
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Hatchery — ( Continued) 
egg supply for, 180 
management, 178 
refuse, 319 
rooms, 180 
sale of chicks, 187 
surplus chicks from, 184 
Hatching 
date of, 205 
hens vs. incubators, 170 
season, 183 
selecting eggs for, 154 
Hatching basket, 131 
Hatching eggs, 154 
chilling, 157 
cleaning, 160 
cost of, 562 

holding temperature, 157 
holding time, 159 
incubation of {see Incubation) 
position of, 160 
premium for, 181 
selection of, 114, 126, 154 
shell color of, 124 
size of, 124, 126 
turning, 160 
Hays, legume, 324 

Head characteristics and production, 100 
Heart, 64 

rate of beat, 65 
Heat 

and critical temperature, 280 
effect on egg quality, 460 
production and body temperature, 277 
Heating 

battery rooms, 216 
laying houses, 231, 254 
Hegari, 313 
Hemoglobin, 65 
Hemorrhagic disease, 386 
Hennery eggs, 472 

Hereditary transmission, principles of, 82 
Heterozygous, 91 
Histidine, 267 
Hominy meal, 309 
Homozygous, 91 
Hormones, 72 
of ovary, 72 
of testes, 72 
Houdan, 40 
House 

artificial lights in, 251 
care of, 253 

cleaning equipment for, 252 
construction, 239 
dampness, 232 
dropping boards in, 248 
dropping pits in, 249 
equipment for, 248 
floor in, 241 

floor space required in, 230 


House — ( Co nti n ued) 
foundations for, 239 
framev/ork for, 242 
insulation of, 247 
location of, 233 
nests for, 249 
requirements of, 230 
roofing materials, 245 
size of, 234 
straw loft in, 247 
style of roof for, 237 
sunlight in, 232 
temperature in, 231, 254 
ventilation of, 231, 253 
window arrangement in, 242 
House-management, 253 
Houses 

brooder, 198, 203 
classification of, 234 
colony, 198 
laying, 236 
multiple-story, 234 
multiple-unit, 234 
permanent, 236 
portable, 236 

summer {see Range, shelters) 

Housing 
equipment, 248 
principles and practices, 229 
requirements, 230 
Hucksters, 491 
Humidity 

in battery rooms, 216 
in brooder houses, 197 
in egg storage rooms, 462 
in incubators, 165 
in laying houses, 232 
relative, 165 
Hybrid, 109 

H3drogen-ion concentration in eggs, 458. 
• 467 

Hypophysis or pituitary, 73 

Immunity to disease infection, 369 
Impacted crop, 389 
Imports of eggs, 11, 481 
Improvement associations, 125 
Inbreeding, effects of, 108 
Incinerator, 252 
Income 

from broiler production, 553 
distribution of, from poultry, 12 
from egg production, 534, 541 
Incubation 
artificial, 17 1 
carbon dioxide and, 168 
cooling eggs during, 164 
costs in, 562 
critical periods in, 147 
economics of, 563 
embryo development during, 142 
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Incubation — {Continued) 
fuel used for, 174 
hens for, 170 

humidity requirements during, 165 
loss in weight of eggs during, 166 
natural, 170 

oxygen requirements during, 168 
position of eggs during, 168 
practice and principles, 141 
relative humidity in, 165 
requirements for, 161 
taking off the hatch, 178 
temperature for, 161 
turning eggs during, 168, 176 
ventilation requirements during, 168 
Incubator management, 174 
Incubators, 172 
care of, 174 
Chinese, 171 
early, 171 
Egyptian, 17 1 
fumigation of, 182 
modern, 172 
room for, 179 
types of, 172 
ventilation of, 176 
Index 

albumen, 458 
yolk, 458 

Indian runner, 640 

Indigestion, 389 

Individuality, selection for, 98 

Industrial uses of poultry products, 7, 483 

Infection, 368 

Infectious bronchitis, 423 

Infertile eggs, production of, 463 

Infertility, prevention of. 111 

Inflammation, 369 

Infundibulum, 69 

Ingredients {see Feeds) 

Inheritance of 
barring, 87 
body size, 117 
broodiness, 93, 120 
characters, 90 
early maturity, 93, 119 
egg characters, 124 
egg production, 119 
egg size, 124 
hatchability, 112 
intensity of production, 119 
interior egg quality, 125 
longevity, 116 
a pair of characters, 90 
persistence of production, 120 
plumage color, 93 
rate of feathering, 117 
rate of growth, 117 
resistance to disease, 115 
rose comb, 90 

sex-linked characters, 87, 88 


Inheritance of — {Continued) 
shank color, 93 
shank feathering, 93 
two pairs of characters, 91 
viability, 115 
white plumage, 93 
Insects, 371 

Insemination, artificial, 111, 583 
Insulation of houses, 247 
International egg trade, 481 
Intestine, 61 
Intestinal worms, 396 
Iodine, 267 
Iron 

in the egg, 5, 710 
in nutrition, 267 
Irradiation 
of birds, 330 
of feedstuffs, 270 

Japanese long-crowing fowl, 42 
Java, 32 

Jersey Black Giant, 32 
Jersey White Giant, 40 
Jobbers, 491 
Judging 

for egg production, 101 
egg quality, 456 
poultry meat, 507 
standard, 43 
turkeys, 592 
Jungle fowl, 23 

Kafir, 313 
Kale, 329 
Keel, 56 

disease of ducks, 647 
Keels, crooked, 271, 388 
Kelp, 322 
Kidneys, 66 
Killing poultry, 503 
Kosher killed poultry, 491 

La Flecke, 40 
Labor 
cost of 

in broiler production, 553 
in chick production, 563 
in egg production, 534, 541 
efficiency, 540 

income, factors affecting, 545 
Laced plumage, 26 
Lactic acid, 316 
Lactose, 264 
Lamona, 32 
Langshan, 38 . 

Laryngotracheitis, 423 
Larynx, 62 
Lawn clippings, 330 
Laxative, 389 
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Layers 

amount o£ feed consumed by, 352 
artificial lights for, 251, 337 
mortality among, 25, 368 
rations for, 346 
selecting, 100 
Laying 

inheritance of rate of, 119 
physical characters related to, 100 
Laying batteries, 256 
Laying cages, 256 
Laying house {see Houses) 

Leading poultry states, 10 
Lecithin, 266 
Leghorn, 34 
Lesion, 369 
Lethal genes, 94 
Lettuce, 329 
Leucocytes, 65 
Leucosis, 426 

Leukemia {see Fowl paralysis) 

Lice, 390 

dipping birds for, 391 
dusting birds for, 391 
Light intensity, 232, 251 
Lighting 

effects on egg production, 251, 337 
equipment, 251 
Lights 

artificial, 251, 337 
installation of, 251 
use of, 251, 337 
Limberneck {see Botulism) 

Limestone, 321 
Linkage, 94 
sex, 87 

Linseed oil meal, 320 
Lipase, 275 
Lipoids, 265 
Litter 

for brooder houses, 202 
damp, 232 
Livability 

inheritance of, 115 
selecting for, 107 
Live poultry 
cars for, 488 
classes, 492 
cost of marketing, 495 
crates for, 488 
edible flesh in, 714, 716 
killing and dressing, 503 
for the Jewish trade, 491 
marketing, 487 
receipts of at New York, 489 
trucks for, 488 
U, S, classes of, 492 
U, S. grades of, 492 
Liver, 61 
goose, 653 
Liver meal, 329 


Longevity, inheritance of, 115 

Lungs, 63 

Lye 

as a disinfectant, 374 
for washing eggs, 464 
Lymph circulatory system, 66 
Lysine, 267 

Magnesium, 267 
Magnum of oviduct, 69 
Maintenance, nutritive requirements for, 
288 

Malay fowl, 24 
Males 

feeding breeding, 345, 352 
progeny testing, 107, 126 
ratio to females, 87 
selecting breeding, 98 
Mallard, 639, 694 
Malpositions of the embryo, 147 
Maltose, 264 
Manamar, 322 
Manganese, 267, 322 
for prevention of perosis, 388 
Manure 

amount produced by hens, 280 
analysis of, 280 
shed, 255 

Market-egg terms, 469, 472 
Market eggs {see Eggs) 

Market poultry {see Poultry) 

Marketing 
chicks, 187 

containers for eggs, 474 
dressed poultry, 501 
ducks, 648 
eggs, 448 
geese, 652 
guineas, 656 
live poultry, 691 
costs of, 495 
poultry by-products, 7 
problems, 19, 448 
squabs, 655 
turkeys, 624 
Mash 

feeding, 333 
hoppers, 209, 251 
wet, 337 
Mating 

fertility after, 112 
flock, 110 
pen, 110 
stud, 110 
Maturity 
early, 119 
inheritance of, 93 
optimum age for sexual, 119 
Meat 

and bone scrap, 707 

edible in live-dressed and drawn birds, 716 
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Meat — {Continued) 
poultry, in the diet, 7 
scraps, 318 
spots in eggs, 78 

Mediterranean breeds and class, 34 
Membrane, vitelline, 76 
Membranes, shell, 77 
Mendel ian inheritance, 90 
Mendelian ratio, 89 
Mendelism, 89 
Merchandising eggs, 448 
Mercurial ointment, 391 
Merozoites, 406 
Mesoderm, 142 
Metabolism, 273 
basal, 279 
calcium, 150 
carbohydrate, 274, 277 
embryo, 148 
energy losses in, 277 
fat, 275, 277 
mineral, 275, 277 
protein, 275, 277 
use of water in, 261 
vitamins in, 275, 277 
wastage in, 280 
Methods of feeding, 333 
Middlings, 311 
Milk, 315 
for fattening, 353 
forms of, 315 
proteins, value of, 315 
vitamins in, 711 
Millet, 706 
Milo, 313 ^ 

Mineral mixtures, 323 
Mineral requirements 
for egg production, 294 
for growth, 293 
for maintenance, 291 
Minerals, 267 
absorption of, 277 
in the body, 267 
in the egg, 5, 710 
essential, 267, 320 
metabolism of, 275, 277, 280 
sources of, 320 
uses of, 267 
Minorca, 34 
Mites, 392 
depluming, 394 
feather, 393 
roost, 392 
scaly leg, 394 
Mitosis, 83 
Modifying genes, 94 
Moisture 

in brooder houses, 197 
in egg rooms, 462 
in incubation, 165 
in laying houses, 232 


Molds, 370 

diseases caused by, 408 
Molt, 104 

factors influencing, 349 
forcing the, 349 

Molting and egg production, 104 
Molting hens 
requirements of, 349 
late vs. early, 104 
Mortality 

causes of, 369, 376 
embryo, 147 
of growing chicks, 368 
laying flock, 368 
Mouth parts, 59 
Muscular system, 58 
Mutation, 95 
Mycoses, 408 

Naked-neck, 42 
Navel infection, 420 
Neck, 56 

Necrosis of the beak, 433 
Nervous system, 70 
Nests, 249 
for hatching, 170 
number of, 249 
trap, 128, 249 
Net energy, 278 
New Hampshires, 32 
Nitrogen {see Proteins) ' 
Nicotine sulphate 
for lice, 392 
for mites, 394 
for roundworms, 399 
Non-broodiness, selection for, 120 
Noodling geese, 652 
Northern fowl mite, 393 
Nose, 72 
Nucleus, 83 
Nutrients, 261 
assimilation of, 275 
digestion of, 273 
essential, 261 
sources of, 262 

Nutrition and disease control, 374 
Nutritional disorders, 379 
Nutritional encephalomalacia, 385 
Nutritional roup, 380 
Nutritional paralysis, 383 
Nutritive ratio, 284 
Nutririve requirements, 288 
for egg production, 294 
for fattening, 296 
for growth, 291 
for hatchability, 295 
for maintenance, 288 
for molting hens, 294 
Nutritive value of feeds, 307. 
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Oats, 311 

Oil meal, linseed, 320 
Oil-treated eggs, 467 
Oils, fish, 326 
Omphalitis, 420 
Oocytes, 84 
Oriental class, 40 
Ornamental bantams, 40 
Ornithology, 3 
Orpington, 36 
Outbreeding, 108 
Ova, 75 

fertilization of, 77 
growth of, 76 
number of visible, 76 
Ovarian hormone, 72 
Ovary, 68 

effect of removing, 72 
and puliorum disease, 411 
and tumors, 434 
Overcrowding, effects of 
on chicks, 198 
on laying hens, 230 
Overheating, ejffects of on chicks, 196 
Oviduct, 68 
funnel of, 69 
isthmus of, 69 
prolapse of, 429 
rupture of, 429 
Ovulation, 69 

Oxygen requirements of embryo, 168 
Oyster shells, 321 

Packing dressed poultry, 512 
Packing plants, 454, 465, 497 
Palatability of feed, 282 
Pancreas, 61, 72 
Pancreatic juice, 274 
Paralysis 
fowl, 426 

inheritance of resistance to, 115 
nutritional or curled toe, 383 
Parasites 
external, 390 
internal, 396 
Parathyroids, 73 
Partridge, Hungarian, 692 
Pasture for poultry, 323 
Pathogenic, 369 
Pause, winter, 120 
Peafowl, 656 
Peanut oil meal, 320 
Peas, 713 

Pedigree, selection on basis of, 131 
Pekin, 639 
Pellets, 337 

Pelvic bones, and egg laying, 101 
Pen 

fattening, 353 
mating, 110 
Penciled plumage, 26 


Pepper, pimiento, and yolk color, 460 
Pepsin, 61 
Peptones, 275 
Perches, 248 

Perfection, Standard of, 27 
Performance records, 107 
Period, incubation, 146 
Periodicals, list of, 702 
Perosis, 388 

Persistency in production 
inheritance of, 120, 123 
and late molting, 104 
Pharynx, 62 
Pheasants, 676 
Phenotype ratio, 91 
Phosphorus, 267 
ratio to calcium, 293 
requirements for egg production, 294 
for growth, 293 
Physiological characters, 82 
Physiology of egg formation, 75 
“Pick outs,” 429 
Pigeon-pox vaccine, 423 
Pigeons, 653 

selecting for breeders, 654 
Pigment 
in egg shell, 77 
in feathers, 55 
in shanks, 52 
in skin, 52 
in yolk, 350 
Pigmentation 
and egg production, 103 
and feeding, 104 
time factor in, 103 

Pimiento pepper and yolk color, 460 
Pineal gland, 75 
Pituitary gland, 73 
Plasma, 65 
Plucking 
dry, 505 
hard-scald, 505 
semi-scald, 505 
wax, 506 
Plumage 

color, inheritance of, 93 
dominant white, 93 
recessive white, 93 
sex-linked barring, 87 
Plumba, 492 
Plymouth Rocks, 31 
Pneumonia, brooder, 409 
Poisoning, 389 
Polar bodies, 85 
Polish class, 38 
Polyneuritis, 382 
Potassium, 267 
Potassium permanganate, 1 82 
Potatoes, 314 
Poultry 

barrel packed, 572 
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Poultry — {Continued) 
box packed, 512 
canned, 517 

costs of marketing, 495 
crates, 488 
drawn, 514, 520 
cold storage of, 516 
consumer preference for, 521 
edible proportion of, 716 
freezing of, 516 
preserving quality in, 514 
dressed, 501 

classes and grades, 501, 507, 628 
cold storage of, 517, 522 
composition of, 715, 716 
consumption of, 15 
containers for, 512 
cooling of, 514 

deterioration of quality in, 514 

edible proportion of, 715, 716 

freezing, 516 

judging, 48 

marketing, 501 

oven dressed, 522 

packing, 512 

preserving quality in, 514 
receipts of, 502 
refrigeration of, 517, 522 
seasonal production of, 502 
shipping, 629 

U. S. standards and grades for, 511 
dry plucking, 505 
edible percentages in, 716 
evisceration of, 514, 520 
farming, 3 
fattening, 353, 497 
-feed price ratio, 526 
feeding practice, 307 
feeding principles, 261 
frozen, 516 

hard-scald plucking, 505 
income from, by states, 113 
killing and dressing, 503 
losses in, 7, 714 
live, 487 
cars for, 488 

classes and grades for, 492 
costs of marketing, 495 
crates for, 488 
demand for, 491 
grading, 492 

methods of marketing, 491 
shrinkage in shipping, 489 
trucks for, 488. 
marketing problems, 19, 487 
meat 

composition, 716 
consumption of, per capita, 7 
in the diet, 7 

quality of, influenced by feeding, 355 


Poultry — ( Continued) 
production of 
geographical, 10 
relative importance of, 5 
products, composition of, 706 
quick-frozen, 516 
raising, a farm industry, 3 
sale of cuts, 523 
semi-scald plucking, 505 
smoked, 518 
wax plucking, 506 
Poultry industry, 3 
development of, 8 
distribution of, 10 
relative value of, 4 
shifts in, 9 
Poultry manure, 280 
Poultry science, 3 
Poults 

rearing, 604 
selling, 603 
Powder, dusting, 391 
Pox, fowl, 421 
Prairie chicken, 692 
Predatory animals, 610 
Preen gland, 52 
Preserving quality 

in dressed poultry, 514 
in eggs, 463 

Primaries, molting of, 106 
Primitive streak, 142 
Production {see Chicks, Eggs, etc.) 
Profit {see Economics) 

Progeny 
Fi and Fg, 290 
breeding record, 131 
selection on basis of, 122 
tested breeding males, 126 
testing for egg production, 122 
Prolapse, 429 
Propagation, natural 

of Chuckar partridge, 689 
of pheasants, 678 
of quails, 663 
of ruffed grouse, 691 
of wild turkeys, 685 
Protein, 266 
amino acids in, 267 
biological value of, 314 
crude, 267 
digestion of, 275 
fate of excess, 277 
function of, 266 
grains deficient in, 307 
heating effect of, 278 
incomplete utilization of, 280 
level in the ration, 288 
metabolism of, 275, 276, 280 
nature and uses of, 266 
and rate of growth, 288 
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Protein — ( Contimiei) 
requirements 
for egg production, 294 
for growth, 292 
for maintenance, 289 
specific dynamic effect of, 279 
supplements, 314 
animal, 314 
for egg production, 294 
for growth, 292 
relative value of, 315 
vegetable, 314 
Protozoa, 369, 405 
Protozoal diseases, 405 
Proventriculus, 60 
Psittacosis, 428 

Pubic bones and egg laying, 102 
Pullets, cost of production, 548 
Pullorum disease, 410 
and incubator fumigation, 182, 412 
inheritance of resistance to, 115 
testing for, 412 
testing stages, 126 
Pulse rate, 65 
Pygostyle, 56 

Quail, 662 
Quality 

in dressed poultry, 511 
in eggs, 456 

measuring of, in eggs, 457, 469 
preserving, in eggs, 465, 467, 468 
Standard bred, 27 
Quarantine, 375 
Quick freezing, 516 
Quill, 54 

Rachis, 53 

Radiation, ultra-violet, 271, 331 
Range 

for chicks, 199, 209 
for ducks, 645 
for game birds, 695 
importance of clean, 372 
for layers, 255 
shelters, 213 
for turkeys, 609 
Rape, 330 

Rate of growth, 286 
influence of feed consumption on, 339 
influence of protein on, 288 
inheritance of, 117 
Rate of laying, inheritance of, 119 
Ration 

balanced, 288, 333 
cost of, 332, 526 
formulating a, 331 
Rations for 
broilers, 344 
ducks, 645 
egg production, 346 
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Rations for — {Continued^ 
fattening, 353, 497 
game birds, 661 
geese, 651 
hatchability, 351 
maintenance, 345 
pheasants, 681 
pigeons, 654 
turkeys, 586, 618 
Recessive characters, 93 
Rectum, or large intestine, 61 
Red Cap, 37 
Red dog flour, 311 
Red Junglefowl, 23 
References on 

anatomy of the fowl, 80 
breeding, 96, 136 
brooding, 226 
diseases, 436 
ducks and geese, 658 
egg formation, 80 
feeding, 298, 357 
game-bird management, 698 
housing, 258 
incubation, 190 
marketing eggs, 484 
marketing poultry, 524 
physiology, 80 

poultry farm management, 570 
rearing, 226 

structure of the fowl, 80 
turkey production, 636 
Refrigeration 

of dressed poultry, 514, 517 
of eggs, 465 
and freezer burn, 517 
Refrigerator car, 474 
Refuse, hatchery, 319 
Regulatory system, 72 
Relative humidity, 165 
in brooding, 197, 216 
in egg rooms, 462 
in incubation, 165 
in laying house, 232 
Replacement of flock, 548 
Reproduction 

hereditary basis of, 83, 84 
physiology of, 75 
Reproductive cells 
female, 85 
male, 83 

Reproductive system 
of female, 68 
of male, 68 

Resistance, inheritance of 
to fowl typhoid, 115 
to paralysis, 115 
to pullorum disease, 115 
Respiration 
in the embryo, 141 
in the fowl, 64 
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Respiratory system, 62 
Rhode Island Red, 31 
Rhode Island White, 32 
Riboflavin, 272 
Rice, 313 
Rickets, 388 
Roasters, 502 
edible flesh in, 717 
Rock phosphate, 322 
Roofs 

materials for, 244 
style of, 237 

Roosting, training chicks early, 210 
Roosting space, per bird, 248 
Roosts 

for chickens, 248 
for turkeys, 585 
Rose chafer poisoning, 390 
Rose comb, transmission of, 90 
Round worms, 396 
Roup 

nutritional, 380 
ocular, 418 
Ruffed grouse, 690 
Runner duck, 640 
Rye, 313 

Sack, hatching, 131 
Saddle feathers, 55 
Sage hen, 692 
Saliva, 59, 273 

Salmonella infectious, 412, 415 
Salt (sodium chloride), 322 
Sanitation, 373 
brooder house, 198 
feeding station, 497 
incubator, 413 
hatchery, 182 
laying house, 255 
range, 211, 631 
Sarcoma {see Tumors) 

Sardine oil, 326 
Scalding poultry, 505 
Score card 

for standard judging, 43 
for turkeys, 593 
Screenings, 313 
Seasonal distribution 
of broiler production, 553 
of egg production, 449 
of turkey production, 621 
Seasonal variation in egg prices, 474 
Secondaries, molting of, 106 
Secondary sex characters, 72 
Sections of the fowl, 29, 51 
Selection on basis of 
body size, 98 
body type, 98 
early maturity, 119 
egg records, 119 
egg size, 124 


Selection on basis of — {Continued) 
head type, 99 
pedigree, 122 
pigmentation, 103 
progeny test, 122 
sib records, 107 
Selenium, toxic effects of, 156 
Semi-scald plucking, 505 
Sense organs, 71 
Separate hatcher, 174 
Serosa, 143 
Serum, 66, 412 
Sex 

chromosomes, 87 
hormones, 72 
inheritance, 87 
linkage, 87 
organs of female, 68 
organs of male, 68 
reversal, 72 
ratio, 87 
Sexes 

differences in growth of, 290 
separating, 209 
Sexing baby chicks, 184 
by physical examination, 184 
by rate of feathering, 88 
by sex-linkage of down color, 88 
Sex-linked 
crosses, 88 
inheritance, 87 
Sexual maturity, 119 
inheritance of, 93 
Shade, importance of, 234, 610 
Shaft of feather, 54 
Shank color 
inheritance of, 93 
in relation to egg production, 103 
Shell, egg, 77, 155, 350, 460 
bloom of, 77 
breaking strength of, 460 
color preference for, 479 
composition of, 75 
cuticle, 77 
formation, 77 
membranes, 77 
pipping of, 146 
porosity, 155 
texture, 155 
treatment of, 467 
uses of, 72 

Shelters, range, 213, 610 
Shipping crates, 488 
for dressed poultry, 512 
for eggs 

hatching, 188 
market, 454, 474 
for live poultry, cars for, 488 
by rail, 488 
by truck, 490 
for turkeys, 629 
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Shorts, wheat, 311 
Shrimp, meal, 707 
Sibs, 107 
Sickles, 29 
Side sprigs, 46 
Silage, 326 

Single comb, inheritance of, 90 
Sire, 130 

Skeleton of fowl, 56 
Skim milk, 316 
Skin, 52 
Skin color 
by breeds, 704 
inheritance of, 93 
Slack scalding, 505 
Slate, 574 

Slipped tendon, 388 
Slips, 221 

Slow feathering, inheritance of, 117 
Smoked poultry, 518 
Sodium, 267 

Sodium chloride (salt), 322 
Sodium fluoride, used for lice, 391 
Sodium hydroxide 
as a disinfectant, 374 
for washing eggs, 465 
Soil 

contaminated, and disease, 371 
drainage, 234 
Somatic cells, 83 
Sorghum, 313 
Soup, chicken, 7 
Soybean 
hay, 325 
oil meal, 319 
Space, floor 
for chicks, 198 
for ducks, 643 
for laying hens, 230 
for poults, 606 

Spanish, White-faced Black, 34 

Specialization in poultry farming, 9 

Spermatozoa, 68 

Spinal cord, 70 

Spirochetosis, 408 

Spleen, 62 

Sporozoites, 406 

Sprouted grains, 330 

Spurs, 29 

Stap, 502 

Stained antigen test, 412 
Standard 

classes, breeds, and varieties, 27 
classification of breeds, 27 
weights for, 46, 702 
egg case, 474 
of perfection, 27 

Standard-bred quality, selecting for, 99 
Standards 

for dressing poultry, 511 


Standards — {Continued) 
for eggs, 469 
for live poultry, 492 
Starch, 265 

State colleges of agriculture, 701 

States, leading poultry, 13 

Sterility, 111 

Sternum, 56 

Sterols, 265 

Sticktight flea, 396 

Sticky embryo, inheritance of, 94 

Stigma, 76 

Storage of eggs and poultry {see Cold ' 
storage) 

Stoves, 199 
Strain, 115 
Structures of the 
chicken, 51 
circulatory system, 64 
digestive system, 59 
egg, 75, 456 
embryo, 142 
feather, 54 
muscular system, 58 
nervous system, 70 
reproductive system, 68 
respiratory system, 62. 
skeletal system, 56 
urinary system, 66 
Stubs, 46 
Stud mating, 111 
Sugars, 263 
Sulphur, 267 
Sunlight 
and growth, 331 
and hatchability, 331 
Sun porch, 212 
Supplements, feed 
animal protein, 314 
mineral, 320 
vegetable protein, 314 
vitamin, 323 
Sussex, 37 
Swans, 657 
Syrinx, 63 
System 

circulatory, 64 
digestive, 59 
muscular, 58 
nervous, 70 
regulatory, 72 
reproductive, 68 
respiratory, 62 
skeletal, 56 
urinary, 66 

Tail, carriage 
squirrel, 45 
wry, 45 
Tankage, 318 
Tapeworms, 403 
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Temperature 
brooding, 196 
cold storage 

for dressed poultry, 514 
for eggs, 465 
critical, 280 
and egg size, 124 
of the fowl, 51 
for holding eggs, 460 
for incubation, 161 
for laying houses, 231 
for quick freezing, 516 
Terminology, 368 
Test 

stained antigen (whole blood), 412 
standard tube, 412 
Testes, 68 

effect of removing (caponizing), 72 
Testing 

hatching eggs, 156 
progeny, 122 

for pullorum disease, 412 
for purity of characters, 94 
Tetrachlorethylene, 399 
Thiamin, 270 
Thrush, 409 
Thymus, 73 
Thyroids, 73 
Tibia, 56 
Tick, fowl, 395 

Tobacco, for roundworm control, 399 

Tongue, 59 

Tonics, 330 

Toulouse, 649 

Toxin, 369 

Trachea, 63 

Tract 

digestive, 59 
feather, 54 

Transmission of characters, 85 
Trap-nesting, 119 
Trap -nests, 249 
Tracheitis, 423 
Tremor, epidemic, 428 
Trichomoniasis, 408 
Trucks, poultry, 488 
Trypsin, 61 
Tryptophane, 267 
Tuberculosis, 417 
Tumors, 434 
Turkeys 
breeding, 576 
breeds, 572 
brooding, 603 
diseases of, 630 
feeding, 586, 611 
housing, 584 
judging, 592 
incubation of, 598 
marketing, 620 
selecting for breeding, 580 


Turkeys — {Continued) 
wild, 688 

Turning eggs, 168, 601 
Type, selection on basis of body, 98 
Type characteristics 
of breeds, 27, 704 
for egg production, 100 
Typhoid, fowl, 414 

Ultraviolet 
irradiation, 270 
light, 331 
Ureters, 67 

Uric acid excretion, 280 
Urinary system, 66 
Urine, 67, 280 
U. S. 

dressed poultry standards, 511 
egg standards, 469 
live poultry standards, 492 
poultry improvement plan, 125 
breeding stages, 126 
pullorum control stages, 126 
record of performance, 126 
register of merit, 126 
Uses of 
eggs, 4 
poultry, 7 
by-products, 7 
Uterus, 69 

Vaccination 
for bronchitis, 425 
for fowl pox, 423 
Vaccine, 369 
Vagina, 69 
Vane, 53 

Varieties of breeds, 28, 704 
Variety, choosing a, 42 
Vas deferens, 68 

Vegetable protein supplements, 314 
Vent, 61 

and laying condition, 102 
and pigmentation, 103 
Vent gleet, 434 
Ventilation 

of brooder houses, 197 
of brooder rooms, 216 
of chick boxes, 187 
of incubators, 168, 176 
of laying houses, 231, 253 
of laying cage rooms, 257 
Ventilators, for laying houses, 253 
Viability Livability) 

Vigor, selecting for, 98 
Virulence, 371 
Virus diseases, 421 
Viruses, 370 

egg propagation of, 7, 483 
Vitamin A, 268 
and carotene, 266, 269 
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Vitamin A — {Continued) 
in egg yoik, 4, 351 
requirements for 
egg production, 295 
growth, 293 
hatchability, 295 
sources, 262, 711 
unit, 270 
Vitamin Bi, 269 
requirements for 
egg production, 295 
growth, 294 
hatchability, 295 
sources, 262, 711 
unit, 270 

Vitamin Ba {see Vitamin G) 

Vitamin B*, 384 
Vitamin C, 270 
Vitamin D, 270 
in the egg, 5, 351 
requirements for 
egg production, 295 
growth, 293 
hatchability, 295 
poults, 612 
sources, 2.62, 326, 711 
units, 271 
Vitamin E, 271 
Vitamin G, 272 
in the egg, 5, 351 
requirements for 
egg production, 295 
growth, 294 
hatchability, 296 
poults, 612 
sources, 262, 711 
unit, 272 
Vitamin K, 272 

Vitamin requirements, summary of, 297 
Vitamins 
in eggs, 5, 351 
metabolism of, 275, 277 
nature and uses of, 268 
sources of, 262, 323, 711 
Vitelline membrane, 76 
Voice 

of the fowl, 63 
syrinx and, 63 

Wastage in metabolism, 280 
Water, 261 
in eggs, 706 
in fowEs body, 706 
function of, 262, 263 
Watering equipment 
for chicks, 209 
for laying hens, 251 
Waterfowl, 694 
Wattles, 29, 52 
edema of, 433 
frozen, 433 


Wax plucking, 506 
Waxes, 266, 506 
Web, 54 

Weights, standard body, 704 
Wet mash feeding, 337 
Wheat, 310 
bran, 310 
middlings, 311 
screenings, 313 
shorts, 311 
Whey, 328 

White, egg {see Egg white) 

White-faced Black Spanish, 34 
White Holland, 574 
White Leghorn, 34 
White plumage 
dominant, 93 
recessive, 93 
Wild turkey, 685 
Wind damper, 199 
Windows 

glass substitutes in, 331 
location of, 242 
and sunlight, 331 
and ventilation, 253 
Wing 

disqualifications, 46 
feathers, 29, 106 
molting of, 105 

Winter pause in egg production, 120 
Wire screens 
for floor, 213 
for pens, 212, 670, 671 
Worms, 396 
capillaria, 400 
cecal, 400 
eye, 402 
gape, 399 
large round, 396 
tape, 403 
Wyandotte, 31 

Xanthophyll 
in eggs, 459 
in feeds, 350, 459 
in the fowl, 103 
Xerophthalmia, 262, 268 

Yarding 

for chicks, 209, 211 
for ducks, 645 
for geese, 650 
for laying hens, 255 
for turkeys, 610 
Yards, 255 
Yeast, 329 
Yellow carrots, 329 
Yokohama, 42 
Yolk, 75 

absorption of, 146 

color, influence of feeds on, 350, 459 





Yolk — {Continued) 

composition of, 456, 716 

dried, 468 

formation of, 75 

frozen, 467 

index, 458 

light and dark, 459 
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Yolk — {Continued) 
sac, 75 

structure of, 75, 456 
vitelline membrane of, 76 

Zoology, 3 
Zygote, 87 



